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THE RED RIVER AND CLINTON MONOCLINES, 

ARKANSAS. 

Uy ,h)H\ F. Nkwsom, Univ. (if Iiiil.. HlooiniuKtoM. 
With nil iiitrtHluctiou by John ('. Hrannek. 

(Pl.ATK I.) 

/ nfrof/ucftoH, 

During the profrri'S? of the late gtM^logical survey of Arkan- 
sas I became interested in the peculiar drainage ab(mt the 
eastern end of the Boston mountains, the parallelism of some 
of the streams, the similarity (jf certain of their ell)o\vs, the 
angles they make with certain other streams, and the relations 
of these streams to certain structural features of adjacent re- 
gions with whose ger»logy I was ac([uainted. In order to as- 
certain the Halations of the geologic structure to thedrainage, 
professor J. F. Newsom, then one of the assistants of the geo- 
logical survey, now i)r(d'<*'^^or of geology in the Tniversity of 
Indiana, wa** direct<»d to work out the geology along what is 
described in the present ])aper as the Red river and the Clin- 
ton monoclines. 

It was found that tli** northeast-southwest directions of 
Little Red river and its tributaries are due in these monocli- 
nal folds. It is an intrn*sting fact that the Red river fold is 
in the axis of Wolf bayou which tlows into White river, and 
that this line of disturban«M' passes north of Dean mountain, 
crosses White river four mih*s a])ove Hatesville, crosses Polk 
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* • •* * * 
bayo^i a mUe» north of Batesville, crosses Miller creek four 

* ** "• * 
rnUes^iortnreast of Batesville, and disappears about a mile north 

••. V^«Hl>Arp's Cross Roads, in Independence county. It is thus 

• • • , • 

*• •.traceable about seventy miles in a nearly straight line. 

The upper course of the East fork of Cadron creek lies for 
twenty-five miles in a course parallel to these monoclines. The 
upper part of this stream, from east of Quitman to where it 
bends southward south-east of Springfield, flows along the 
bottom of a low synclinal trough. The small parallel stream 
in 8 N., 13 and 14 W., flows behind the ridge made by beds 
that dip beneath this syncline. The lower part of Salado 
creek to the northeast has about fifteen miles of its ct>urse in 
the same line approximately. 

In connection with the northwest-southeast courses of the 
drainage of this region I would call attention to the fact that 
these streams are approximately parallel to certain escarp- 
ments of tlie north face of the Boston mountains, notably that 
between Wolf bayou and Mountain View. Adjoining this re- 
gion north of the Boston mountains there are also some gen- 
tle folds and faults. 

The bearings of a few of these intersecting structural lines 
are here brought together. 

XitrtUweat'Sontheditt Lines. 

Cow mountain — Round tuountain syncline . . . .S. (>.')*' E. 15 miles 

Fault •*! mile wnith of Rountl mountain S. (»3*» E. 12 *' 

General course of South Sylamore creek S. i)2^ E. 14 ** 

General course of N(»rth Sylamore creek S. 58*^ E. 15 

General course of Livermore trreek S. 62** E. 8 * 

RuHh creek fault, Marion county S. (W* E. 4 

Turkey crei^k, the north fork of Little Red river.S. 45^ E. 20 

Middle fork of Little Red river S. 5S^ E. 'M) *' 

Arc-hie fork of Little Red river S. 5:W K. 2l) *' 

li<'d river monocline west of (Jum IjOf( creek. . .S. C'l^ E. 15 ** 

lioHton mountains northwest of Wolf bayou. . .S. 51*-* E. 12 '* 

Ntn'On'ttnt Sntithwt'st Liiii's. 

Des Arc ridj,'*;, riorf luvesl of Sejircy N. lUW K. 9 '* 

Axis Hla«'kville HViwIifie east nf (in»efibrit»r . . . .N. t)2^ K. 9 ** 

Ji«»d river riw»iu»cline N. (m*^ K. 40 '* 

Red rivt'r, Devil'H KnrU iirid ('ln»rtiiw creek. . . .N. (>7^ K. IK) *' 

('linton inorMM-liiic N. (>2^ K. 2(1 *' 

KtiHt fork of Cndniii ricrU . . N. (UW E. 25 *' 

Kauli iiorlhciiMt. aiitl MmitliwcMl nf St..I.M« .N. 45^' 50^ K. 24 " 
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Red River and Clititon Monoclines, — Xewsom-Bvanner. 3 

Many other minor cases of parallelism of the drainage lying 
in these two general directions may be seen on a drainage map, 
but they need not be mentioned here. Attention, however, 
should be called to the fact that there seems to be two other 
systems of joints in the area here especially considered: one 
running north- south, the other east- west. 

The structural features explain the drainage in some of 
these cases and in such cases it seems clear that the drainage 
is consequent and hence is very old, having come down from 
the close of the ( 'arboniferous or of the Permian.* A short 
way south of the region of the Red river monocline and 
south of that part of Cadron creek that tlows parallel to the 
Red river monocline, the relation of the drainage to the 
structure is not so clear. Here the streams cut across con- 
siderable ridges, and for the most part, appear to disregard 
them. This area, however, is lower than that of the Red 
river monocline, and is adjacent U) the Cretaceous and Ter- 
tiary area lying souti) and east. From township 7 North, 
southward and eastward, the drainage in some cases follows 
structural lines, such as Cypress creek. Little Cypress creek 
and Muddy bayou, all of which tlow along synclinal valleys. 
In other cases, however, the drainage cuts s<piare across the 
axes; such are Hayou Meto, parts of Cadron creek, both East 
and West f(»rks, and Jack's ba^'ou north of Jacksonville. The 
(juestion is therefore suggested whether or not this may be a 
superimposed drainage. 

Along the adjoining Tertiary area to the east the Tertiary 
beds are at a lower level than the paleozoic highlands, but at 
Little Rock the Tertiarv beds have an elevation of ;i80 feet 
above tide on top of Capitol hill, several points in thecil}" are 
360 feet, and elevations of 350 are quite common in the city 
and vicinity. Southwest of Little Rock the Tertiar}' beds 
reach an elevation of more than 500 feet above tide level four 
miles northeast of Benton, and on Sand mountain east of 
Bryant and southeast of Alexander they reach over 600 feet. 
A general and even subsidence that would bring these points 

*A must valuable pay)er on the subject of jointH and faults iu their 
relatiuii to drainage is that of Daubr^*: Cassures imitant les failles ot 
les joints eongenen's, dans U»ur formes, leur paralleiisme, etc. on 
pp. 300-37ti of his fttudrs Svnthetiques do (Jeologio Experimon- 
tali*, Paris, 1879. 
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beneath the water would also submerge the whole of the re- 
gion between Little Rock and Conway or Morrill ton and the 
region somewhat north of Springfield in Conwaj county, 
which has an elevation of 420 feet above tide level. Only 
two or three small points would be left above water by such a 
submergence. It seems probable therefore that the Tertiary 
beds once overlapped the Lower Coal Measures rocks to a 
point near Springfield, Conway county, and that when these 
beds emerged their drainage was let down upon the underly- 
ing Lower Coal Measures rocks. 

A fact of interest in connection with the denudation of this 
area is that while it stood at least 500 feet lower during Ter- 
tiary times, it was subsequently elevated so that it stood 
higher than it does at present. Evidences of this later eleva- 
tion may be seen at a great many points between Little Rock 
and Fort Smith, but it will be enough to mention a couple of 
illustrations of the nature of the evidence. About two miles 
northeast of Argenta the drainage of Dark Hollow and of sev- 
eral hollows that converge near its mouth falls into a flat 
country that has an area of several square miles. The topog- 
raphy of the sides of these hollows is steep from near the 
hill tops, and at the bottom of the hills the slopes seem to 
dive V)eneath the river bottoms. This plunging of a steep 
hill-side beneath bottom lands, as if they were silted up fiords, 
is to ')e seen at a great many places north and west of Little 
Koc^k : at the northwest and the southeast bases of Big Rock; 
north of tiie bluffs three miles up the river from Little Rock; 
at the Maumelle Pinnacles, especially on the north side; on 
Palarm bayou, at Petit Jean mountain, etc. Such a state of 
affairs must have been produced by a subsidence and check- 
ing of the drainage and silting up of the valleys after the 
>*teep sided V-shaped valleys had been cut down. 

John C. Brannek. 

The Red Rivek Mokocline. 

Beginning south of White river in the deep ravine of Wolf 
bnyou, about twelve miles above Batesville. the course of the 
Red river disturbance will be traced to where it swings tow- 
ard the north Wjest^ In the northern edge of Conway county. 

Four IMiNHHlMtt of Dean mountain the sandstones of 
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Wolf bayou are sharply folded at some places, and there are 
unmistakable evidences of faulting, but on account of the 
similarity of the ditferent beds through the locality' it is im- 
possible to tell the extent of the slip. 

About 250 3'ards south of the south half-mile corner of sec- 
tion 33, 13 N., 8 \V., in the hillside east of the small creek is 
the hanging wall of a fault at the north side of the slip. The 
slip is probably not very extensive. The down-throw is on 
the north side. North of the fault the sandstones have a 
north dip of 25^': south of it the strata are nearer horizontal. 

In l'^ N., 10 \V., section 33, the south half, two and one- 
half miles above Wilson's ford, in the valley of DeviTs Fork 
of Little Ked river, the sandstones have a dip of lo^-tlO'^ 
southward and are slightly fanlteil. The down- throw is on 
the south side. The displacement is probably not more than 
40 or 60 feet. Although the connection lietween the fault at 
this place and that observed on Wolf bayou, to the northeast, 
has not be<*n traced out, then* is but little doubt that the two 
are the result of the same forces. 

From section 33 to th«* south wi^st the rock beds are folded 
in the axis of the mon(K*line which extends parallel with Dev- 
il's Fork, and i^ just north of it; the strata dip sharply to 
the south from tin* high plateau of the Boston mountains. 
Along DeviTs Fork tin* strata are sometimes slightly faulted 
near the nxis of the fold. 

In 11 \., 11 W., section 10. the northwest quarter, the axis 
of the moncM'line crosses Hell creek one- fourth of u mile above 
its mouth. The strata are faulted at this i)lace: immediately 
south of the fracture they have a dip 4)f S^ south, 25^ east, 
while a short distance to the north the dip becomes gentler. 
(Fig 1.) The hanging wall of the fault is on the south side 
of the slip and has a dip of 55^'. south 10*^ west. The amount 
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of (liHplHCfiiient cannot be ascertained, but it is probably not 
vory ^reat, the elevation of the strata forming the mountains 
to the north being due to the monoclinal fold, rather than to 
tlie displaceuient by faulting. 

PVoni Hell creek the monoclinal axis continues to the south- 
west, parallel to the general course of Red river, and fr(>m one- 
half mile to one mile to the north of that stream. In 11 N., 
II W., it|)asKeH through the northwest quarter of section 10, 
just north of the center of section 9, through the south half 
of He(^tion H, and just north of the north half-mile corner of 
section IS. This is one- fourth of a mile north of Kinderhook 
postolllce, at which place the strata have a dip of about 15^ a 
little east of south. 

In II N., 12 W., the axis of the fold passes near the center 
of section 14. One hundred yards north of the center of the 
n(»rtheust (juarter of the southeast quarter of this section the 
beds are faulted, the down-throw being slight, and on the 
south side. Where the public road crosses a small creek south 
of the center of the southeast quarter of section 20, just south 
of Mr. Bradford's house, the flaggy sandstones at the south 
side of the monoclinal fold are seen dipping beneath the bot- 
tom land of Red river at an angle of 20^, south 20^ east. 
The dips become gentler toward the north and at the center 
of the northeast quarter of section 20 the strata are flat. 
There is no fault near the monoclinal axis at this place. The 
rocks south of the river in this region lie approximately flat 
as seen in the rocks capping Sugar Loaf mountain and in the 
sandstones east of it. 

The accompanying section (fig. 2) from the top of Sugar 
Loaf mountain running north across the monoclinal axis 
shows the relations of the sandstones capping this mountain 
to the sandstones forming the high hills to the northward. 



■loaf J1^. 




FiorRE 2. 



The axi* of the fold passe< immediately north of Eglantine, 
which town is in 11 N., 12 W., at the center of section 30. 
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The sandstone beds in this locality dip beneath Red river, and 
beneath the high sandstone capped escarpment that is imme- 
diately south of it. 

In 11 N., 13 W., the fold passes through the south half of 
25, the north half of 35, and through the center of section 34. 
In sections 25 and 35 the beds at some places have a south- 
ward dip of 40-75 degrees, and show strong ev dences of a 
fault. 

Red river coming from the north cuts through the fold in 
the south half of section 34. The dips southwest of this point 
are not as steep as in the vicinity of Eglantine, ranging only 
from 4 to 18 degrees south. Choctaw creek runs parallel to 
the fold and either entirely at the south side of it or cutting 
through the tilted strata. In the vicinity of Choctaw post- 
office while the strata do not dip so sharply to the south, the 
monocline is broader. All the strata in the hills to the north 
of Choctaw creek pass beneath those that form the high es- 
<!arpm«»nt south of that creek. This escarpment is but a con- 
tinuation of that seen south of Red river and further east. The 
fold passes through 10 N., 14 W., from section 1 to section 
19, with dips of 10-15 degrees south 15-20 degrees east. 
PVom the northeast corner of 10 N.. 14 W., the fold extends 
in an almost direct line to the northwest quarter of section 
21, 9 N., 16 W. The strata dipping from 10 to 20 degrees, 
south 10 to 20 degrees east, and passing beneath the beds of 
the escarpment to the south, this escarpment is the western 
extension, more or less prominent, of the high escarpment 
south of Red river in the vicinity of Eglantine. 

In 9 N., 16 W., sections 14, 15, 21, 20 and 19, the fold is by 
no means well marked, the strata having dips not steeper 
than 5-10 degrees. In sections 21 and 20 the beds instead of 
having a slightly southeast dip have a due south dip, the 
strike being east and west. One mile south of Cleveland, in 
section !20, the center of the southeast quarter, the beds have 
a dip of 8 degrees south. 

Just north of the center of section 20, the monoclinal axis 
reaches its southernmost point, turning from this place gently 
towards the northwest. In 9 N., 17 W., section 15, near the 
southeast corner, the strata are very much disturbed and have 
the appearance of being faulted, with the line of slip at right 
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angles to the axis of the monocline. Although the dips in 
this locality are very confusing, the fold may be readily 
traced to the northwest, leaving 9 N., 17 W., at the west line 
of section 6, south of White Oak mountain. At this place the 
strata have southward dips of 15-20 degrees. From this 
point westward to its western terminus the fold is parallel to 
the south face of the Boston mountains, the axis being close 
to the mountain escarpment which is very prominent every- 
where from White Oak mountain in 10 N., 18 W., to Mulberry 
mountain in 10 N., 20 W. 

From south of White Oak mountain the monocline extends to 
the northwest to the west side of 10 N., 18 W., where in sec- 
tions 18 and 19. >5outh and southwest dips, at some places 20 
degrees, are to be seen. The direction of the fold from the 
west side of 10 N., 18 W., is slightly south of west for six 
miles, the dips ranging from 10-20 degrees, southwards From 
the northwest quarter of section 30 it turns directly to the 
northwest, striking the west range line of 10 N.. 20 W.. in 
section 7, from which point it continues in a direction slight- 
ly north of west to 11 N., 21 W., section 30, the southwest 
quarter, where it turns to an almost west direction which it 
continues to 11 N., 24 W., section 30, the southwest quarter, 
where the rocks dip 15-20 degrees south. Here the fold 
turns again to the southwestward around the south base of 
Mulberry mountain and has its western terminus at a distinct 
fold just south of the western end of that mountain in 10 N., 
26 W. 

The axis of this line of disturbance is, in a general way, 
parallel to the principal axes of folding in the mountains be- 
tween it and the north side of the Ouachita uplift. 

Ejfects upon Drainage and Topography, One of the most 
noticeable features of the Red River monocline is its effect 
upon the drainage and topography of the country through 
which it passes. Owing to the slight resistance olFered to 
erosion along the line of disturbance the streams have cut out 
deep valleys parallel to it. The axis of the fold is always 
found a short distance (from one-half mile to one mile) to * 
the north of the present location of the streams, which are in 
the south dipping rocks. The original course of the streams 
must have been in each case at the axis of the fold or where 
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faulted at the line of the slip, but owing to subsequent erosion 
as the streams have cut downward they have been moved 
southward along the bedding planes to their present positions. 
This is true of all the streams along the fold from the south 
side of White river, in Independence county, to the center of 
township 9 N., 17 W., with the exception of Wolf baj-ou, 
which has its source in 12 N., 9 W., and flows northeast very 
near the axis of disturbance, sometimes crossing it, until the 
stream turns to the north to enter White river. The Devil's 
Fork of Little Red river, however, follows the rule, flowing 
from its source in 14 N., 12 W., to the southeast until it reach- 
es the south side of the fold in 12 N., 10 W. Here it turns 
directly to the southwest, and runs parallel to the fold us far 
as the west side of 11 N., 11 W. Little Red river flowing 
from the northwest crosses the axis in 11 N., 13 W., section 
33. One mile south of this it turns northeast and continues 
parallel to the fold to where it turns to the southeast at the 
mouth of Devil's Fork. 

Choctaw creek, with its source near the axis of the fold in 
10 N., 14 W., flows northeast its whole length at the south 
side of that axis, and enters Little Red river where that river 
turns to the northeast. 

South of Eglantine is a very bold escarpment at the south 
side of the river. This escarpment rises 700 feet above the 
valley and is the most prominent topographic feature of the 
locality. It is capped with a massive sandstone bed which 
has a general dip to the southwest, owing to which the es- 
carpment becomes lower in that direction. Beneath the thick 
sandstone cap is a thick bed of shale; the breadth of the val- 
ley in the vicinity of Eglantine is due to the wearing away 
of this shale bed. Sugar Loaf mountain, in section 28, the 
northwest quarter, is a high sandstone capped peak with shale 
at its base. It is simply an outlier of the escarpment to the 
southwest from which it has been separated by erosion. From 
the northwest its appearance is that of a truncated cone. The 
sandstone cap at the top is flat. 

The mountains to the north of Choctaw creek and Little Red 
river, though high and rugged, are not so prominent as is the 
escarpment to the south. The strata forming the mountains 
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north of the river are all carried beneath the shales of the 
high escarpment to the south by the monoclinal fold. 

The East Fork of Point Remove creek has its source near 
the monocline in 10 N., 15 W., and flows to the southwest and 
parallel to it for ten miles where it is entered by a small 
stream flowing from the southwest. Rock creek, which enters 
Point Remove creek, in 9 N., 17 W., near the east line of sec- 
tion 33, comes from the northwest along the line of disturb- 
ance. 

The Red river monocline at the south combined with the 
Clinton monocline at the north, with its corresponding low 
syncline, forms a broad, low anticline between these two 
folds. The accompanying north-south section from the south 
face of the Boston mountains, at Scotland, to the Red river 
monocline will make this clear. 
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Figure 3. 

This low anticlinal fold is more marked at its western ex- 
tremity than at its eastern. The position of the south face 
of the main range of the Boston mountains is materially ef- 
fected by these two monoclines with their accompanying an- 
ticline. From the vicinity of the mouth of Devil's f«rk in 11 
N., 11 W., the south face of the mountain retreate, though not 
abruptly, in a northwest direction to the vicinity of Settle- 
ment postoflice, from which place the maia range lies to the 
northward of the Clinton monocline* to the western extrem- 
ity of that fold. Here the face of the mountains turns to the 
southwest as far as White Oak mountain. From White Oak 
mountain westward the Red river monocline has not the effect 
on the course of the streams that is noticed at its eastern 
end, but its effect on the topography of the country is even 
more marked. 

All of that portion of the range from White Oak mountain, 
in the northeast corner of 9 N., 18 W., to Mulberry mountain, 

«8ee aeoompftdying deecription of Clinton moDocliDe. 
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in the northeaBt corner of 10 N., 26 W., owes its elevation to 
this monocline. Through this region it is almost everywhere 
a breached fold, leaving the south face of the movintains, 
which have an elevation above the valleys of 800 to 1,500 feet, 
standing out abruptly in bold relief above the country to the 
south. 

The monocline is accompanied by a corresponding shallow 
eyncline more or less continuous at its south side. The south 
dipping sandstones usually form parallel ridges, the shales be- 
tween the sandstone beds forming the valleys. The ridges are 
seldom of much prominence and are never continuous for a 
great distance. 

The mountain escarpment to the north of the fold has at 
.its top massive sandstone beds often forming vertical clitfs 
100 feet high. These beds are repeated in low ridges at the 
south side of the monoclinal fold, and are usually from one- 
half mile to one mile soutii of the mountain escarpment. 
There is a very prominent sandstone clitf in the south face of 
the mountains through townships 11 N., 23, 24 and 25 \V. 
The sandstone bed that forms this clitf comes low in the base 
of Mulberry mountain, owing to the dying away of the mon- 
oclinal fold to the south. This bed repeated at the south side 
of the monocline forms the most prominent of several low 
east-west ridges formed by the south dipping sandstones, 
through the north part of these townships. 

This ridge is continuous, except where gaps are cut through 
by the southward flowing streams, fnmi 11 N., 2*^ W.. section 
31, the south half, to 10 N., 26 W., section 10. the north half. 
The dip of the sandstone bed forming it is 20-25 degrees south, 
becoming nearer horizontal at its western end where the mon- 
ocline dies out. This sandstone bed forms the flodr (jf the 
Philpott coal basin, which belongs to the upper coal bearing 
division of Winslow.* 

The syncline that forms this basin is the western represen- 
tative of the syncline that is seen to the south of the mono- 
clinal fold farther east. 

The C^linton monoch'ne. The Clinton monoelin*' is very 
similar to the Red River moncicline. described above, except 



♦ Preliminary Report on Coal, Arkansas (reol. Surv. Annual Report 
for 1888. Vol. Ill, p. as. 
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that it 18 not so long and th^ fold is not so sharp. Its east- 
ern termination as a well marked fold is in 12 N., 12 W., 
section 15, not far east of Indian creek. In this region it is 
not a prominent feature, the strata dipping t-o the southward 
at angles of only 8-10 degrees. 

The fold which is by no means well marked runs from sec- 
tion 15 to the southwest, parallel to the Middle Fork of Red 
river and is cut by that river three-fourths of a mile north of 
Settlement postoffice. At this place the strata in the blulf 
at the west side of the river dip 15 degrees southward, and 
are apparently slightly faulted. 

The low south dips continue to the southwest. The axis of 
disturbance is cut by Archie's fork of Red river a mile north 
of Clinton, in 11 N., 14 W., section 10, the southeast quarter, 
at which place the beds dip 10-12 degrees south and are 
fnulted, though the amount of displacement is probably not 
more than 15-20 feet. This fault may be seen in the sand- 
stone blutf at the east side of the river one mile n<»rth (»f Clin- 
ton. 

From Clinton the fold continues to the southwest to Scot- 
land. Just north of Scotland the strata have south dips of 
10-12 degrees. The axis of the fold extends from 10 N., 15 
W., near the southwest corner of section 5, to 10 N., 16 W., 
the west half-mile corner of section 1, from which place it 
tarns slightly towards the south as far as the northwest quar- 
ter of section 16. There turning again to the westward to 
sections 17 and 18 where the dip becomes so low that it can 
no longer be traced and where it looses its elfect upon the 
topography. 

Effect on the topography of the country, ^y tracing on the 
map the direction of the axis of the Clinton monocline and 
comparing with the direction of the Red river monocline, to 
the south, it will be seen that they are from 6 to 8 miles apart 
and approximately parallel. Though the northernmost of 
these two folds is at n(» place very sharp, its elfect upon the 
drainage and topography is quite marked. From near Settle- 
ment postoflice in 12 N., 12 VV., to its western end in 10 N.. 
16 W., it marks very closely the southern face of the main 
range of the Boston mountains (the mountains to the south 
being more properly outliers of the main range than belong- 
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ing to it), though it is only north and west from Scotland 
that that face stands out. in bold relief above the country to 
the south. Around the western end of the fold the southern 
mountain escarpment turns irregularly to the southwest to 
White Oak mountain in Pope county which mountain owes 
its elevation to the Red river monocline. 

The sudden turn of Middle fork at Settlement postoffice 
is due to this fold as is also the northeast course of Weaver 
creek west of Settlement postoffice, and the course of South 
fork of Red river from Scotland to Clinton. 

In the neighborhood of Scotlafftl and west of that place 
there are several more or iees prominent ridges made by the 
tilted sandstones at the south side of the fold. Here there is 
also a small synciine of which these ridges with the south dip- 
ping beds form the north side (see fig. 3). 



SECONDARY OCCURRENCES OF MAGNETITE ON 
ISLANDS OF BRITISH COLUMBIA BY RE- 
PLACEMENT OF LIMESTONE AND BY 
WEATHERING OF ERUPT^VES. 

r. ■ 

By Jambs P. Kimball, New Yor'L. ^ 
(Plates II and III.) ^ ^ 

The present paper is designed as a continuation of publi- 
cations in the year 1891.* The occurrences here referred to 
clearly conform to two separate* types of ferriferous deposits 
which it has seemed important to distinguish as hydro-chem- 
ical replacements. As previously described, one type is a 
morphological replacement of limestone by double decompo- 
sition between ferrous salts and calcic carbonate, the former 
being generated from ferrous silicates; the other type, a par- 
tial, and not necessarily pseudomorphic, replacement of ferrous 
silicates in weathered basic rocks, or as more explicitly dis- 
tinguished, a residual concentration or fixation of iron oxides 
incidental to development of soluble alkaline carbonates from 
weathering oxidation or splitting up of ferriferous silicates. In 
replacements of limestone ferriferous material is generally de- 
rived from extraneous though contiguous sources through 
simple permutations and reactions which I have elst^where 
followed out. 

♦Am. Jour. Sci., xlii, 2i^l: Am. Geologist, viii, .352. 
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In replacement of pyroxenic and lime- feldspar rocks of the 
greenstone family, like diorite, diabase, gabbro, etc., and oth- 
er basic rocks, whether metamorphic or intrusive, residual 
concentration or fixation of stable iron oxides is brought a- 
bout through initial decomposition of ferrous and ferric sili- 
cates, chiefly the former, whence development of soluble al- 
kaline carbonates along with ferrous salts, whence again spon- 
taneous double decomposition, and finally isolation of insol- 
uble residues. This cyclus or process of weathering action is 
obviously regenerative. 

Secondary occurrences of the kind referred to have come 
to be described in general terms as differentiations of iron ox- 
ides not only in concrete ore bodies of irregular or lenticular 
form between divisional surfaces of eruptive masses as well 
as of terranes, but also in grad^uations of rock into ferrifer- 
ous aggregations. The mime teriff hi)wever as applied to pri- 
mary concentrations of highly basic products in eruptive rocks, 
as may easily be conceived, is by some writers (Brogger, 
Vogt, and others) even made to imply Isolation of magnetite 
as a mode of development of certain ore-bodies from cooling 
magmas. An objection of weight to a theory of this kind a- 
rises from the invariable instability ^f basic rocks of all ages^ 
and from their profound alteration by hydro-chemical molec- 
ular or atomic rearrangement, involving all constituents. 

In replacements of pyroxenic rocks whether superficial or 
under cover an environment of limestone, even where no bod- 
ily replacement of limestone has occurred, is so common as to 
have a significance beyond mere coincidence, and for obvious 
reasons. Ekjually significant is the notable presence of lime, 
sometimes as a carbonate, in basic crystalline aggregates, like- 
diorite, dolerite, diabase, gabbro, etc., — most subject to alter- 
ation, and, in physical circumstances favorable for preserva- 
tion of such secondary deposits, the particular repositories of 
ferriferous concentrations. 

lioth kinds of replacement are alike external and intersti- 
tial. While replacement of limestone seems to take place in- 
difl'erently from without inward, replacement of siliceous pro- 
ducts seems to be primarily determined inversely to the meas- 
ure of lo(*al drainage and in ratio of interstitial space either 
actually presented or potentially developed. The latter we rec- 
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ognize in secondar y anfractuositiesf from contraction and ex- 
pansion of the masJS incidental to hydro-chemical mutations, 
and again in such as subsist between divisional surfaces ofall 
other kinds, especially when acted upon by corrosive solutions 
an secular transmission. From another point of view, such 
loci of deposition whether macroscopically or microscopically 
<;onsidered, are virtually determined by mechanical condi- 
Itions of least resistance as effected by both chemical and phys- 
ical forces operating alternately or together and developed one 
from the otbei*. Not legist among these correlative forces to be 
recognized are molecular or concretionary attraction of the 
4iiass for homologous matter in passing solutions, or even in 
suspension; or, irs I have elsewhere used the term, the extra- 
jpolecular tendency of ocbreous material to form concretions 
or aggregations.* 

Union of magnetite molecules is doubtless promoted also b|^' 
polarity. Incidentally to common secular weathering of bas- 
ic rocks, the chemical forces brought into play are easily per- 
ceived to be mainly through simple alte-rnating and regener- 
ative reactions in which atmospheric oxygen and carbonic acid 
ilake the lead. In a valuable contribution to the stud}- of this 
subject, Mr. J. E. Spurr has partially traced with much 
minuteness the cyclus of physical and chemical oi>eration8 
concerned in the isolation and fixation of ferriferous oxides 
from basic rocks. f 

Secondary ore deposits of the types above referred to were 
instanced by me in the year 1884, as illustrated by important 
occurrences on the south shore of the island of Cuba, between 
the bays of Santiago and Guantanamo.J Numerous geolo- 
gists (Pumpejly, Van Hise, the Messrs. Winchell, and others) 

^\m. Jour. Sei., 3(lii, 1^40. 

tGeol. Burv. .Hinn., Bull. \. Chapters vi and ix. Vid, Senft. Min., 
i875, p. 502. 

Changes, however, from luaj^netite to hematite and siderite, and a- 
gain from hematite to siderite. as (ronceived ands^-mbolii.'allv expressf'il 
Sy Mr. Spurr, are impoHsible re^etions without jnt(*rmediate reducrtion, 
The common tninsformations to be considered with relation to change 
Qi volume are namely, of eoml>ined ferroilfe oxide to hydrous ferrous 
carbonate and ferric hydrate, and of anbydrouB ferrous carinmate to 
ferric hydrate and anhydrous ferric and magnetic oxides. Sj»urr. 
£)/>. cit. 1G2. 

JAn). Jour, Scl., xxviii, 41(3: Trans. .\mer. Geol., Min., Euj,'., xui, 
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have since made known many striking exhibitions of the same 
types, especially in the iron-ore ranges of the lnko Superior 
region. Among the ore-developments in pre-Cambrian ter- 
ranes, and associated intrusives of that region the prevailing 
modes of occurrence conform to these types. Both kinds of 
replacement are sometimes represented in individual parts of 
connected and relat-ed ore deposits, the dominance of one or 
the other in a given locality being governed by relative dis- 
tribution of associated sedimentary and intrusive rocks, or by 
radical differences in origin — whether from essentially calca- 
reous or pyroxenic material. After much elaborate study and 
protracted discussion of the mode of origin of the Iluronian 
(Algonkian or pre-Keweenawan) iron-bearing formations of 
the lake Superior region, both folded and structureless, their 
derivation as a rule by epigenesis in situ without sedimenta- 
tion, remains questioned by few among later investigators.* 

Recurring to my previous notice of the so-called Mediter- 
ranean iron ores of Spain and Algiers,f among products of re- 
placement on a large scale upon the evidence of certain 
descriptions of their modes of occurrence, I take occasion to 
remark that they are likewise so regarded by recent observ- 
ers like Mr. Fred. Kensington and Mr. A. P. Wilson, ab- 
stracts of whose original papers have b€*en printed in a report 
by the U. S. Geological Survey.* 

An interesting field for observation of the same class of 
phenomena is presented on certain islands of British Colum- 
bia, visited by the writer in the summer of 181U, namely, Van- 
couver, Texada, and Redonda. 

Of Texada island in the Strait of Georgia, geological de- 
scriptions have been given by Dr. G. M. Dawson and Mr. Rich- 
ardson. § Its topography is well exhibited in several charts of 
the British Admiralty. The predominating rocks of the is- 
land are altered eruptives of the Vancouver series, which are 

♦Van Hise, Bull. U. S. Geol. Survey, No. 8(>, pp. 170 IT 1. 
tTlu^ Am. Gkolooist, viii, 1891, p. 374. 

JAiiii. Rep. Ill, vol. XVI, pp. 07-99. On the iron oh'h i>f Elha as ijro- 
ducts «»f similar roplaccmont see B.Lotti, 1895, (ZeitHch fiir prjikt. Geol., 
p. 31). JiuUrs nuinerous examples of occurrences of the 8ame kind in 
his (Jeol()<ry of Kutland, 1875 (Mem. Geol. Surv. Or. Br.) were over- 
looked in my original paper. 

t^Ann. Kep. (leol. Surv. of Canada, 1873-71; 1870 77; 18Si), Part B, 
p. 32. 
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traversed by a belt of later sjenite. Crossing the inland, this 
spreads out in a croscent between the south and north shores. 
Between the syenitic mass and the Vancouver series stretch- 
es a narrow belt of metamorphic limestone forming in places 
the disrupted base of fche series. The Vancouver member ad- 
jacent to the marble is apparently the weathered product of a 
basic aggregate — graduating into diabase and diorite all ex- 
cessively epidotic from alteration of pyroxene and amphibole. 
This material is designated by the Canadian geologists as dio- 
rite, a generic identification, which will be adopted in the 
present paper for want of specific microscopic determination. 
This is more or less stratiform and diiferentiated in color ac- 
cording to degree of alteration. Epidote is the most conspic- 
uous constituent, especially in close relation with develop- 
ments of magnetic iron ore. 

The intercalation of metamorphic limestone with eruptives, 
as remarked by Dr. Dawson, indicates the close relationship 
in time of the two classes of rock, which even apart from the 
facts afforded by similar association elsewhere, renders it nec- 
essary for the present to regard the wholo'as forming one great 
series, otherwise largely made up, it is believed, of highly met- 
amorphosed sediments which have passed through a semi-fus- 
ion. The limestone however seems k) occupy the relation to 
the Vancouver series of a basal formation overflowed by suc- 
cessive emissions of eruptive material by which it is some- 
times interpenetrated, lifted and disrupted. The syenite bears 
evidence of subsequent upheaval, referred in point of time to 
a period later than the Cretaceous when strata assigned to 
the coal-bearing series of the Comox basin were deposited near 
Gillies bay. 

Occurrences of magnetic iron ore of each kind of epigen 
esis which I have observed on the islands of British C'olumbia, 
as above instanced, are singularly uniform in character and 
in topographic as well as in petrographic environment. Apart 
from magnitude and conditions of erosion differences between 
them are mainly in their relations to a uniformly rugged sur- 
face ; that is, as to their development on the flank or on the 
end of a slope. On the flank or near the surface of a slope, like 
three out of four of the separate ore bodies discovered on the 
fiouth side of Texada^ such occurrences are commonly well 
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defined, and their practical importance easy to estimate. 
When, on the other hand, the ore development is a terminal 
one, disclosed only upon the edge, and enclosed between erup- 
tive material and disrupted masses of limestone tilted at high 
angles, little indication is afforded of the shape and size of 
ore bodies. Such an attitude is generally in a bold escarpment 
sometimes inaccessible above the immediate base. One of the 
ore bodies of this description on Texada, is exceptionally well 
exhibited — in part by excavation. These remarks also apply 
to developments of ore in connection with terminal outcrops 
of limestone in a dioritic environment on the north side of 
Redonda island, and again to similar ones on the slope 
of Broughton peak, at the head of Barclay 8«und. A re- 
markable occurrence of an ore body near the mouth of the 
Serita river, at the head of another bay of the same inlet, 
affords a fine example of partiai but still extensive replace- 
ment of limestone, around nuclei or cores of that material, as 
distinctly seen both at the end and on the slope of Ihe eleva- 
tion near the surface of which the alteration has taken place. 
Some of these occurrences will now be described. 

TeHsqda Island, Strait of Georgia, The old operations of 
the Pugflt Sound Iron Company of San Francisco afford satis- 
factory exposures of the separate conditions under which mag- 
netic iron-ore of both modes of epigenesis occurs. Quarry 
workings extend at intervals from the south side of the island 
about three miles, northwest from Gillies bay. following a sin- 
gle slope rounding a lofty summit of syenite at a general ele- 
vation of about 450 feet. On the range of the ore belt how- 
ever the slope is more or less broken into hills by erosion. 

Ore bodies within compass of t«he limestone belt are approx- 
ituately lenticular in shape. All have been exposed to sub- 
aerial erosion, only so much of each development having been 
preserved as fell behind the eroded surface of the mountain 
side. In the several workings cores of marble are visible, cor- 
responding to unaltered interior or »ether parts of ore bodies, 
left standing after excavation of the ore. 

Witiiin compass of the epidotic rock the development of 
magnetite has been less regular, and less in concrete form, 
and the replacement or alteration less complete, the epigene 
product being a mixture of magnetite and epidotic material 
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sharply differentiated. This product may be more particular- 
ly described as a reticulation of the epidotic mass with com- 
pact magnetite, one distinctive property of which is its ring- 
ing sound' when struck with a hammer, a property common to 
similar products of alteration of dioritic dykes associated 

with the ferriferous replacements of coralline limestone in 
Cuba. 

Another ^jsical property of the siliceous replacements or 
fepigenic concentrations in eruptive material in common with 
all others which I have observed is a marked prismatic cleav- 
age, which also serves to dis'tinguish them from derivatives of 
limestone, mineralogically identical, but the tendency of which 
to pronounced cleavage does not extend as a rule to minute 
subdivisional fractures. A third common characteristic in 
eruptive (epidotic and dioritic) paragenesis is the amorphous 
constitution of the ferriferous product except when in the form 
of distinct lenses as at Cheery creek, Kani loops lake, Britif=h 
Columbia. Distinguishing criteria, thus noted, are observed 
not only in all occurrences of the kind on the islands of British 
Columbia, but also in" such as I have visited in the Cascade 
mountains — namely on Money creek, at Snoqualmie pass 
(Denny claims), and again on the Cle-Elum river, as well as in 
the Santiago district of Cuba. 

Both types of ore bodies are seen in juxtaposition at the 
Prescott mine on Texada — the replacement of marble as far as 
it is dt^veloped being complete, and, as usual without transition 
or incipient stages. The product is densely subcr3stalline, and 
of remarkable compactness and richness. The conversion how- 
ever is only partial, the front portion of a detached mass of lime- 
stone only having been replaced with magnetite togc^ther with 
its two ends, the back portion adhering to the clilF, and the 
whole mass of ore passing with characteristic changes of 
physical qualities and of material into compass of the diofite. 
The alteration of the diorite appears to have been through an 
epidotic transition, the locus having been determined by planes 
of jointing. Further internal development of ore has follow- 
ed planes of cleavage. Hence a reticulated mass of epidote 
varying extremely in its admixture with ore. Taking the 
two Jcinds of product as forming a single ore-body, it may be 
succinctl}' described as a partial replacement of a detached 
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and disrupted mass of marble involved in eruptive diorite, side 
by side with an alteration of overlying eruptive directlj^ in 
contact with the original calcareous mass. The altered erup- 
tive merges at both ends of the ferriferous portion insensibly 
Into unaltered and non-epidotic diorite. Regarded as a sin- 
gle ore-body its mnximuni thickness was about 30 feet by a. 
bout IQO feet tn length and 40 feet in Wght. It has practi- 
cally l?een worked out. But little material ex.cept of ind^tferr 
ent quality, from excess of epidot^?, remains unj^roken or a.- 
mongst the refuse of the quarry. Shipments of 3,000 tons of 
ore from Texada to the works of the Puget Sound Iron Co. 
at Irondale, Washington^ during a period of four years end- 
ing in 1888 ytete mainly from this quarry. 

This occurrence is thus described in detail because itscharr 
acter is well exhibited by excavation. In conclusion, it may 
be remarked further that upon the steep flank of the syenite 
summit in front of the disrupted limestone belt, the connected 
ore-body lies in a lap of diorite in a position favoriible to 
weathering action, but directly exposed to superficial erosion 
from which it has greatly suffered, a«! attested by an abun- 
dance of heavy float strewn over the slope below. 

Development of ore by both modes of epigenesis is clearly 
attributable to the environment of a mass of limestone with 
basic eruptive, and to topographical conditions favorable for 
^veathering action — of the nature of chemical permutation?* 
in place between soluble ferrous sulphates and alkaline carb- 
onates develiiped by oxidaticm. Alteration in the diorite 
resulting in residual concentration of magnetic oxide seems 
to have taken place through primary development of ferric 
hydrate from opidote. this ferric silicate being as usual a sec- 
ondary product from weathering of amphibole ^n«l pyroxene. 
Within compass of the limestone, ferric hydrate, passing into 
ferric oxide and thence into magnetite, has likewise been devel - 
oped from hydrous ferrous carbonate, probably spontaneously^ 
by double decompi>sitiou between ferrous salts and calcic 
carbonatt^-^nding in comj>lete and stable ferriferous replace- 
ment of limestone. 

The Paxton ore body is a replacement of limestone, appar- 
ently complete, at the base of the same slope about one mile 
jnland, rising to a hight of about 70 feet above the levt'l «»f a 
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swump by which the nether portion is concealed, and the ele- 
vation of which is about 468 feet. (Plate II, figs. 1-2.) The 
longitudinal axis of this lens is about 250 feet, and the thick- 
ness of its upper face about 30 feet. Probably less than half 
of the original lens (jas been preserved from erosion. It lies 
in a lap of epidotic diorite, the replaced limestone having been 
entirely surrounded by eruptive material, contiguous portions 
of which, as in the Prescott mine, have undergone alteration. 
Partially altered material of the same description is seen on 
top of the ore ledge, and cupreous stains occur in spots. Hor- 
izontal as well as vertical sections of this ore lens are distinct- 
ly crescent- shaj^ed. It stands unbroken as first discovered. 
No nucleus of limestone is disclosed. The ore product on ex- 
posed faces is crystalline and partially disintegrated. 

About one mile still further inland and similarly situated 
at the base of the syenite summit bearing on its flank the 
fragmentary limestone belt, is situated the Lake mine, so- 
called, also an unwrought ore body. (Plate II, fig. 3.) It illus- 
trates both kinds of replacement, derivations from limestone 
apparently predominating. Two belts of limestone are visible 
in cross section at the northern end — duc occupying the middle 
of the ore-body, and the other forming its inner cover, their dip 
being a retreating one into the hill of which the formation is 
principally diorite. The lower limit of the ore development 
appears above the level of the swamp about one third way up 
the slope, and the top of the ore-ledge as spared by erosion 
117 feet above the same level. The hight of the ore-mass 
as preserved is accordingly about 78 feet — its length about 
200 feet, and its maximum thickness about 50 feet. 

The Texada mine nearest the Texada landing was the 
working first opened on the island, but was soon abandoned 
on account of its pyritous character. Tiie ore-body is well 
exposed at the N. W. end of the limestone belt. It consists 
of a block of ore of which the vertical face is about 40 feet 
high and 10 feet wide, between walls of limestone and diorite. 
The extent of this replacement beyond the elevated outcrop- 
ping end of the limestone belt has not been traced, it having 
been uncovered only at its terminal presentation in a natural 
bluff. Occasional indications of ore along the upward and in* 
land strike of the belt observed by Mr. Richardson, suggest 
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more or less continuity of the ore development, or at leapt oc- 
casional replacements of disrupted masses of limestone on the 
flank of the syenite summit for a few hundred feet from the 
old working.* Search in this direction was not resumed. But 
the admixture of pyrite in the ore exposed in that working is 
in deleterious proportion. Heavy float overspreads the sur- 
face below the ore bluff, and outcrops of ore, apparently in 
.place, on the same slope below, point to a probable occurrence 
of other ore bodies at lower elevations on the same strike. A 
similar tendency to recurrence of ore developments at differ- 
ent elevations on ternfinal edges of disrupted limestone belts 
on Redonda island, and on Broughton peak, Barclay sound, 
was likewise suspected. In neither instance however have ex- 
cavations been made to uncover concealed ore lenses, if such 
they be, on the strike of the terminal ore bodies exposed at 
these several localities, all discoveries of the kind having been 
in natural exposures on the face of cliffs, bared by erosion 
and at considerable elevations. Ore bodies, like the three on 
Texada first described, whose longer axes are with the crest of 
elevations on the sides of which they are lapped, are, on the 
contrary, all developed toward the base of moderate elevations 
an apparant rule to which the ore body of the same type on the 
Serita, Barclay sound,' proves no exception. In such circum- 
stances there is of course no scope for recurrence of ore in a 
given cross section except under cover of a low talus or mantle 
of drift, as on Texada, below the level of the swamp. That 
any development of ore occurs below water level — there seems 
no reason to conclude. 

Besides the occurrences above noticed, other small indica- 
tions of magnetite along the extension of the limestone belt 
have been observed by previous visitors, f notably one occur- 
rence on the northeast side of the island. At the point re- 
ferred to, crystalline limestone, according to Dr. G. M. Daw- 
son, occurs in association with hard greenish altered volcanic 
rock of the usual character. 

*'It is in some places quite free from magnetite, but is generally high- 
ly charged with that material, which, though forming in it in very ir- 
regular masses of hard ore, has generally more or less of a stratiform 

*Geol. and Nat. Hist. Survey of Canada, 189G, part B. p. 36. 
fibid., p, 39. 
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arraDgement, and is occasionally found minutely laminated with cal- 
careous matter. The most important solid stratiform mass of magnetite 
seen is about four feet in thickness. Epidote, and in some places small 
quantities of quartz, occur in association with the ore, which when the 
limestone is removed by weathering, generally forms black masses of 
pure (vesicular) magnetite." The beach is strewn with l^ose blocks (of 
ore) derived by this process of weathering from the limestone. "The 
contact of the limestones and volcanic rocks with the granite is close by 
to the south on the shore." 

The above observations of Dr. Dawson are thoroughly in 
accord with my own on the opposite side of the island, and 
perfectly consistent with the present explanation of such de- 
posits by replacement of limestone. 

West Bedonda Island, The Redonda islands, two in num- 
ber, are high and mountainous, culminating in lofty peaks 
from 3,000 to upwards of 5,000 feet in hight. Cut out of the 
general outline of the coast by fiords, they obviously represent 
insular or partially submerged projections of the Coast range 
of British Columbia. Touching at one point only of West 
Redonda, namely at the De Wolfe iron mine on the north 
shore, Pryce channel, I found the formation to be identical 
with the Vancouver complex, no granite or syenite coming 
under my observation, though the former is stated by Dawson 
to be exclusively the formation of the island. The occurrence 
of magnetite was also observed to be under similar conditions 
and in similar environment to circumstances distinguishing 
occurrences of the same secondary product on the islands of 
Vancouver and Texada. 

The De Wolfe mines are at an elevation of about 600 feet 
on a steep slope rising abruptly from the water's edge 
and at an angle of some 60 degrees. During the year 
1893, magnetic iron ore, 626 tons in all, was shipped to 
the Oswego Iron and Steel Co's furnace in Oregon from two 
quarry-like workings, about 200 feet apart^ in irregular mass- 
es of ore developed on separate belts of crystalline limestone, 
the terminal edges of which under a high dip to the west, are 
traced up the mountain slope as far as passable. 

The West Mine so called (Plate II, fig. 6-6) may be described 
as the altered outcrop of one division of the limestone, inter- 
posed between courses of greenstone or epidotic diorite, and cut 
off at the top by a faulted mass of less altered and highly basic 
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diorite. The floor of the quarry is in marble — a sharp demarca- 
tion here taking place between the development of ore and the 
parent marble. The ore mass together with a bleached over- 
lying greenstone forms half an arch over a boss- like mass of dio- 
rite — the crown of the arch being obliquely cut by the superin- 
cumbent mass of basic diorite along a distinct plane of frac- 
ture and dislocation. Viewed in section coincident with the 
strike of the limestone, this ore-body may be considered as 
presenting the edge of a lenticular replacement of limestone, 
shelved or lapped in unaltered material, and of very circum- 
scribed extent. The upper portion only remains unwrought. 
The dip of the series brings in above the limestone a cover of 
diorite toward the verge of the quarry shelf. On the edge of 
the replacement proper — the dioritic greenstone has been al- 
tered into an epidotic magnetite by residual concentration of 
this product. The front of the ore-body has suffered from 
erosion which served however to disclose its upper part to view 
in an almost perpendicular cliff, whence the mountain rises 
very abruptly, thus forbidding further ready exploration along 
the culmination of the same belt. 

The East mine, some 60 feet higher, presents the simple 
structure of an eroded boss of magnetite arching over an in- 
terior mass of marble, the connected boss being cut off at the 
base by epidotic diorite, and the whole structure truncated in 
front by erosion, and so exhibited in the scarp of an almost 
perpendicular cliff on the precipitous face of the mountain. 
The structure referred to may be likened to an egg obliquely 
divided. (Plate II, fig. 4.) 

Outcrops of ore in association with marble are observed 
below, but have not been prospected. The conditions above 
remain undetermined for want of exploration. Both occur- 
rences, as above described are developments of ore within and 
around disrupted masses of limestone involved in basic erup- 
tive material, though appertaining to a distinct belt which 
has been subjected to violent disturbance and upheaval. 

The occurrence of such ore bodies on West Redonda island 
is not without significance as bearing upon the possibility of 
similar occurrences on the steep shores of navigable inlets 
heading in the unexplored border of the Coast range. 

Vancouver Island, Barclay Sound, — Discoveries of magnetic 
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iron ore at the head of Barclay sound are at an elevation of 
about 1136 feet on the slope of Brotrghton peak facing the 
sound. The developments, as usual, are in connection with 
metamorphic limestone whielf overlies them, but they seem to be 
in part within compass of a belt of bleached and highly al- 
tered greenstone — somewhat opidotic in places, interposed be* 
tween the limestone and an underlying belt of quartzite more 
or less epidotic (Plate II, fig. 1). The development of ore 
is very irregular and far from continuous. The belt within 
which it is found is gullied by erosion. Parts of the lower 
bands of the limestone have given away to replacement of 
magnetite, portions of which have subsequently been eroded. 
A few blasts only have been put in, but enough to disclose the 
fact that about one- half of the ore development in sight is 
within compass of the limestone, and the other division within 
compass of the underlying quartzite or bleached diorite. At the 
lowest leyel exposed by blasting one irregular mass of ore near- 
est the underlying quartzite measures about eleven feet across. 
The whole occurrence conforms to what has above been distin- 
guished as a terminal presentation of an outcropping edge of 
a limestone belt locally replaced with magnetite. Fo^lack of 
solidity this replacement can hardly be described either as a 
concrete ore-body or as a lens, the-replacemfiit probably being 
superficial. Two kinds of replacement are here exhibited as 
usual, distinguished in the manner above indicated. 

Some forty feet lower, on the flank of the mountain, a lens 
of magnetite twelve feet thick on the face, developed around 
a nucleus of unaltered marble, is exposed on the strike of the 
same belt in a lap or fhelf of that material. This is of the 
nature of a replacement of limestone. (Plate III, fig. 2.) Over- 
hanging cliffs of limestone tower above the higher exposure. 
Further than as thus described no indications of ore bodies on 
the upward strike of the limestone belt seem to have been made 
out by the explorers whom I found encamped upon the mount- 
ain. What has been exhibited on Broughton peak is therefore 
scarcely of economic importance. 

Serita {Logan Claim.) On the Indian reservation, near the 
mouth of the Serita river, and about one mile from its east 
bank, a 'remarkable body of magnetite has been discovered on 
the face of a low hill. This development is of the same type 
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lie the Paxtim and Lake tenee^ on Texadtt. It rises to a hight 
of 76 feet above tide, its base near water level being concealed. 
(Plate III, Fig. 3). Longitudinally its outline in section is 
that of a crescent. At the east end of the bluiT-like elevation 
it is exposed in cross eection, and its structure fully revealed 
as a replacement of marble of which the axial portion remain? 
unaltered. On both sides of this midrib of unaltered marble 
ore is developed to a maximum thickness of about 30 feet, 
with reverse dipsof Si" to 86°, resulting in an anticlinal config- 
uration. The length of the ore-body maybe taken as about 




200 feet. Prismatic blocks of magnetite were found developed 
around angular masses or cores of marble. These are here 
represented by photogravures. No other discoveries have 
been made along the extension of the name marble belt. The 
environment of this belt is eruptive rock of the usual dioritie 
type, more or less epidotic according to degree of secondary 
alteration. 

Sookv Harbor. On the second headland facing the Strait 
of Fuca south of Sooke harbor, a differentiation of magnetite 
from weathering action on exposed surfaces of a basoltic dio- 
rite has led to the enumeration of tbie loeality among the 
known occurrences of iron ore on the island of Vancouver.* 
A number of shallow excavations, while affording some mate- 
rial of excellent quality, suffice to show the superficial char- 
acter of this development upon glacial surfaces of a eonsid- 
eriiblc area bordering the precipitous shore of the strait. A 
correct notion of the character and limitations of this occur- 
renci- may he formed from its description as an incipient and 
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strictly superficial secondary differentiation of magnetite, from 
extremely basic primary magmatic differentiations,nearly vert- 
ical in attitude, clearly defined within compass of the super- 
ficial expanse of the basaltic eruptive. 

The following analyses of magnetite from the several lo- 
calities above referred to fairly represent the secondary pro- 
ducts as described : 



Ferric oxide 

Ferrous oxide . . . 
Magnetic oxide 

Silica 

Alumina 



Lime 



Magnesia . . 

ManganeFe 
Sulphur 



Phosphorus 

Potash 

Soda 

Moisture . . . 



Iron. 



91.13 
1.79 
0.14 

CaO COa 
0.96 

MkO CO2 

2.08 

MnaOs 
• 0.64 
0.06 
0.003 



66.32 



II 



91.94 
4.10 
0.65 
2.01 

1.03 

0.21 



0.0264 



III 


IV 


67.31 
28.. 33 
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3.97 


4.353 
0.220 
2.234 




1.300 
MuO 



0.0S6 
0.030 



66.58 



69.00 



I. Broughton peak, Barclay sound, Otto Wuth. 

II. Money creek, Washington, Otto Wuth. 

III. Texada island, E. I. Chapman. 

IV. Redonda island, F. G. Wait. 



0.110 
0.015 

I * • • • ■ • • 

0.080 
0.230 
0.045 

65.896 



THE EASTERN LOBE OF THE ICE-SHEET. 

By C. H. Hitchcock. LL. D., Hanovor, N. H. 

In August, 1896, I visited the Adirondacks for the purpose 
of learning the direction and extent of the ice movement. 
Geologists have rarely placed any observations of this kind 
upon record. Vanuxem states^that the Adirondacks constitut- 
ed a center from which the glaciers moved outwards in every 
direction; but presents no facts in support of this view. Pro- 
fessor Chamberlin presumes from all the data in his posses- 
sion (1883) that massive currents swept around these- moun- 
tains both from the Champluin and St. Lawrence valleys, 
**while a further current, at the hight of glaciation, probably 
passed over the Adirondacks, and gave to the whole a south- 
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erlj trend." I have been unable to find in geological litera- 
ture any notice of actual obfservations upon the strise or till 
of this region. Hence I fulfilled a long cherished desire in 
studying the glacial phenomenon about Mt. Whiteface, one of 
the best known and most conspicuous mountains in northern 
New York. 

In passing through Jay and Wilmington stria» were observed 
pointing S. 50® W., and the till contains boulders of Potsdam 
sandstone besides various granites. Mt. Whiteface exceeds 
4000 feet in altitude, and rises considerably above the general 
level of the adjacent elevated country. Nearly the whole of 
the mountain is covered by till, made up principally of an- 
orthosites and fragments of Potsdam sandstone. I was una- 
ble to examine the upper three hundred feet of the peak, but 
have no reason to suppose the facts are an}^ different there 
from what have been mentioned; but it was quite a disap- 
pointment to me, not to have been able to search for strife or 
glacial smoothing at the very summit. Prof. H. P. Gushing 
and Mr. F. B. Ta^'lor tell me in conversation that a corres- 
ponding S. W. direction is the prevailing one all over the 
north flank of the Adirondacks. Following up Lake Cham- 
plain the course is usually southerly, but the S. W. direction 
commences very near the water, as at Crown Point. Professor 
Kemp reports a S. W. course as prevalent about Moriah. Van- 
uxem mentions the occurrence of the peculiar granitic bould- 
ers of the Adirondacks in the counties lying to the south- 
west, as in Herkimer, Montgomery, Oneida, Otsego, Madison, 
Cortland and Tioga. 

The conclusion naturally following from these statements 
is that the Adirondack region has been swept over by the ice 
from base to summit. The hard sandstones everywhere con- 
tribute extensively to the composition of the till, and indicate 
by their presence as well as by striie and the dispersal of the 
granite blocks, the direction of the movement from the north- 
east. Probably every square mile of this elevated region has 
been covered. 

This conclusion was not anticipated, and hence gives us a 
different and consequently a better idea of the real movement 
of the ice sheet east of western New^ York. As is well known 
the direction of the ice over New England, including all the 
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high Green and White mountain summits, was to the south- 
east. Between New England and the Adirondacks in the 
Champlain valley there is a narrow area where a southerly di- 
rection prevailed. The line of no divergence follows down the 
Hudson to about the New Jersey boundary and then termi- 
nates west of the Palisades. In the Catskill region and in 
Pennsylvania the course is to the southwest, and in all the 
maps the strise are made to point at right angles to the great 
terminal moraine from near Easton, Penn., to Salamanca, 
N.Y. 

If these divergent courses are to be interpreted like those 
in the morainic loops further west, as in those connected with 
lakes Erie. Michigan, and Superior, it means that a lobe of 
the ice sheet of enormous thickness started from the Lauren- 
tian highlands and pushed southerly, naturally following the 
depression of the Champlain-Hudson valley. Enough ice was 
moved to override the highest New England and New York 
mountains, while it does not seem to have been urged so far 
to the south as that which pushed down the Mississippi val- 
ley. 

Several general and special peculiarities of the ice-move- 
ment east of the great lakes are better understood in the light 
of this generalization. 

1. In a general way we can speak of h.Xew York and New 
England lobe of the ice sheet which may or may not have been 
co-eval with those connected with the basins of the great 
lakes. This particular ice current did not extend to the west 
beyond the angle in the moraine near Salamanca, and cape 
Cod represents the eastern limit of what can be observed a- 
bove the ocean level. 

2. There are evidences of morainic material beneath the sea 
as far as to the termination of the submerged Hudson river 
channel — about eighty miles beyond New York. The great 
bar at the end of the fiord is shaped like a moraine or material 
derived from it. Lindenkohl notes the coincidence in direction 
of the submerged channel with the New Jersey moraine as far 
as to the bar, which may have been the extreme end of the lobe 
and thence the edge may be traced northeasterly to Martha's 
Vineyard. Dr. A. M. Edwards has shown by an examination 
of the soundings that the material in this triangular area out- 
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side of Long Island has probably been derived from the Pali- 
sade ran^e of trap. Like that of eastern New Jersey it may 
be the relic of the more ancient attenuated border of the till. 

3. Further knowledge shows us the limits of the inner Long 
Island moraine, suggested by Chamberlin to be the probable 
equivalent of the Wisconsin series. This starts at cape Cod, 
follows the Elizabeth islands, appears in Rhode Island, forms 
Fisher's and Plum i6lands,touches Long Island at Orient point, 
and borders the north shore as far as Port Jefferson, where it 
has been lost sight of. An inspection of the map, coast survey 
and others, shows a line of shallows called the "Stratford 
shoals'' and the "Middle ground lightboat," which may con- 
nect Mt. Misery at Port Jefferson with Stratford point on the 
Connecticut shore. Is not this line the continuation of the 
inner terminal moraine? 

Correlated with this morainic line may be the westerly di- 
rection of the strise over the Connecticut valley. Dana has 
noted them as far south as Milford — S. 34 degrees W. and 
elsewhere to the north within the state. In Massachusetts my 
father has described them with a trend west of south, and I 
have followed them up to the White mountains in New Hamp- 
shire and Vermont. The most remarkable ones are at Gran- 
ville, Mass., 1240 feet, in the neighborhood of Shelburn Falls, 
Mass., and Halifax, Vt. : both upon land exceeding 1800 feet in 
altitude. These represent more than the usual low-lying striae 
of the local Connecticut glacier. Following the statements 
given above of the divergent courses in the Hudson valley, we 
have similar facts repeated in the Connecticut, with the cor- 
responding divergence to the southeast on the eastern rim of 
the valley. The Connecticut lobe, therefore, is shorter than 
that of the Hudson and seems to be terminated by the inner 
Long Island moraine. 

4. There are quite a number of morainal lines in New Eng- 
land, comparable in number with those obs("rved in the West. 
Beginning outwardly there are: ( 1) The attenuated border 
southerly from Staten island. (2) The Long Island moraine 
from Martha's Vineyard, Block isrland, and the whole length 
of Long island, Staten island. New Jersey, and so on to Sala- 
manca, N. Y. (3) The C(mnecticut moraine from cape Cod 
and the north shores of Long island, crossing the sound to 
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Connecticut, and thence northerly. (4) The Queen's river mo- 
raine in Rhode Island, as reported by Mr. Woodworth. (5) 
Prof. R. S. Tarr describes a moraine extending from cape Ann, 
Mass., westerly to near Connecticut river. (6) A possible line 
may be indicated by moraines in Wakefield and Cottonborough, 
N. H., to connect with the damming up of the Alton bay end 
of lake Winnepiseogee, large ponds in Gilmanton, Northwood, 
and Barnstead, and the enormous sand-plains near Concord in 
the Merrimack valley. (7) Another line in some localities char- 
acteristically developed from Conway through Albany, Tam- 
worth. Sandwich, south border of Squam lake. Newfound lake, 
moraines south of mount Cardigain, etc. (8) Another line may 
be indicated in the morainic piles south of Gorham, Carroll, 
Whitefield, and Littleton. This may connect with similar 
deposits in Rygate, Corinth to Randolph, Vermont. (9) Per- 
haps the most important line has been located at Willoughby 
lake, Vt., thence southwesterly to Woodbury. This lies on the 
watershed between part of the Connecticut hydrographic ba- 
sin and the streams flowing into lake Champlain. In an ear- 
ly publication I imagined a line of moraines from the Andro- 
scoggin lakes in Maine across by the way of Willoughby lake 
westerly to a supposed accumulation between the Lamoille 
and Winooski rivers at lake Champlain. Since then it has 
become apparent that more than one moraine must be indica- 
ted by these mounds, since their course should be northeast 
and southwest, or at right angles to the ice movement. Doubt- 
less these particular lines may not all be verified, but their 
number cannot very well be less than has been indicated. 
There must also have been other moraines farther north, and 
I think I have seen traces of one at the south end of Memphre- 
magog lake in Newport, Vt. 

6. Very likely the distribution of the drumlins may be 
somewhat connected with morainal lines. If found near the 
margin of the ice sheet they should be distributed behind cer- 
tain prominent moraines. These hills seem to be bunched very 
extensively in Massachusetts and southern New Hampshire, 
or between lines (4) and (6), and they are very rarely met 
with outside of these limits except near lake Champlain. Those 
near Boston covered by broken shells of temperate mollusca 
teach an important lesson of succession. The drumlins seem 
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to have been accumulated in an ice age, wlien the mollusca 
could not have flourished in Massachusetts bay. After the 
incoming of a warm int^rglacial epoch a later incursion of 
ice ploughed up the sands with their contents and carried 
them with other material to constitute the drumlins, which 
probably rest upon an earlier ground moraine. The shells are 
not Tertiary, and as they abound in the drumlins which are 
unquestionably of glacial origin, clear evidence of at least 
two glacial epochs is afforded. These mollusca could not 
have flourished when the ice pushed into Massachusetts bay. 
They must have migrated along the New England coast in an 
interglacial epoch. Nor can they be correlated with the 
Champlain epoch because that fauna had a glacial character. 

The drumlins of western New York can be seen to be sit- 
uated between morainic lines, and may be correlated in a gen- 
eral way with those in eastern New England. They belong 
to the Oiitarian rather than the eastern lobe of the ice sheet. 

6. The progress in glacial studies made by the Canadian 
Geological Survey, as represented by Mr. R. Chalmers in the 
last two annual reports, indicates a readiness to accept better 
views. There was first a glacial epoch when the ice moved 
northerly from the New England area, and the auriferous gra- 
vels of the Eastern Townships were laid down. Secondly, 
there was an interval, interglacial, without the presence of 
ice. Third, the glaciers of the Laurentian area moved south- 
erly across the St. Lawrence valley, and in at least one in- 
stance crossed the hight of land towards the Atlantic between 
the Cliaudiere and St. Johns valleys. As this conclusion is 
derived from the presence of granitic boulders, brought from 
the north side of the St. Lawrence, the same must be the case 
wherever the boulders can be shown to have come from the 
same direction moving uphill. That will agree with our con- 
tention of the covering of all New England by the Laurentian 
ice sheet. Fourthly, the Champlain epoch with its beaches 
and fossils succeeded — a time of marine invasion. I have on- 
ly added to these last admitted facts the query whether the 
Champlain epoch was not truly ghicial, with icebergs moving 
both from the Laurentian and Novanglinn mountains, and 
chilling the waters so much that only a boreal fauna could ex- 
. It was this same fauna that flourished at the same epoch 
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on the coast of New England as far south as cape Ann, and 
after the accumulation of the drumlins carrying a temperate 
fauna. These epochs may be correlated also with the diverse 
successive faunas of Sankaty head in Nantucket. 



THE SYSTEMATIC POSITION OF 
THE TRILOBITES. 

By J. S. KnrosLET, Tufts College ; 
WrrH Remarks by C. E. Bebcher. 

Within the past three or four years our knowledge of the 
structure of the trilobites has been wonderfully increased, un- 
til now it would seem that we must have a pretty accurate and 
detailed acquaintance with the external anatomy of one or 
two forms. I have had no opportunity for studying any of 
these recent finds and must rely upon the published accounts 
of the researches of others for my knowledge of details. M}' 
only excuse for entering upon this field is that I have some 
acquaintance with the structure of recent arthropods and 
that the conclusions to which I am led are somewhat at vari- 
ance with those which have been recentlv set forth. 

That the trilobites are true crustaceans seems now placed 
beyond a doubt; but their position within the crustacean 
phylum is by no means as certain. Of the recent authors who 
have discussed this matter^ Bernard ('95) claims that the 
trilobites are closely related to the Xiphosures, and again in 
the same paper, that they **are, in reality, pre-crustacean. 
They represent a stage more primitive than Apus, /. e. nearer 
to the original annelidan ancestor of the whole phylum." 

Beeeher, on the other hand ('95, '97), believes that thelarviv 
of the trilobites are closely related'to the regular crustacean 
nauplius, and more nearly represent the primitive ancestral 
larval form of the crustacean than does the nauplius. Again 
('95) speaking of the adults he says that they **are shown to 
be a primitive type in (1) their multiple segmentation, (2) the 
irregular number of their thoracic appendages, and (3) the 
biramous structure of their legs. They therefore present 
characters common to the Entomostraca and Malacostraca.'' 

In reading Dr. Beecher's early papers one gets the impres- 
sion, although this is not definitely stated, that he is inclined 
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to regard them as most nearly related to the modern phyllo- 
pods, although in his latest he is inclined to assign them the 
rank of a sub-class, equivalent to Eutomostraca and Malacos- 
traca. None of these suggestions, except the last, commends 
itself to me. 

In the first place, as opposed to Bernard's view, all existing 
evidence goes to show that the trilobites are truly Crustacea; 
the Xiphosures are as clearly nothing of the sort. Not a sin- 
gle homology can be drawn with any degree of certainty be- 
tween Limulus and any trilobite. The regional divisions 
are different; the appendages are built upon aditferent plan, 
while the larvue of the two groups present but the slightest 
and most superficial resemblance to each other. Certainly, if 
Beecher's suggestion that the larval (Protaspis) stage of the 
trilobites represents the ancestor of the nauplius be correct, 
then the larvte must be totally distinct, for Limulus shows 
nothing in its development in the least approximating a nau- 
plius stage. 

But is this Protaspis stage possessed of nauplius character- 
istics? Is it to be regarded as a **protonauplius"? I think 
not. The characteristics of the crustacean nauplius are a 
(usually) unsegmented body, bearing a single median ocellus 
and three pairs of appendages. Of these the first is pre-oral 
and unbranched, the other two are biramous, and have their 
basal joints modified for mastication. The mouth is on the 
under surface; in front of it is the large upper lip. The vent 
is terminal and dorsal in position. Certain of these features 
are characteristic, not only of the nauplius, but of all metameric 
invertebrates as well. 

In the larvof of the trilobites median and pleural regions 
are differentiated, a condition, so far as I am aware, not par- 
alleled in any nauplius and certainly not to be regarded as 
"protonauplian." No traces of the median eye have been 
found in any trilobite larvae, a matter of no little importance. 
The trilobite larv«e, on the other hand, frequently possess 
paired eyes, a condition unknown in any nauplius. The ce- 
phalic region of the trilobite larva is segmented; in no nau- 
plius is this the case. Further we know as yet absolutely 
nothing of the appendages of the youngest trilobitelarvje, nor 
of the ohfg^gdttics of the upper lip. Beecher has restored 
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these portions with some plnusihility in his account ('96) of 
the Protaspis stage, but I cannot help thinking that he may 
be in error here since he seems in all of his papers to regard 
the biramous structure of the crustacean appendage as the 
primitive condition, a supposition negatived by the thorough 
researches of Lankest^r ('81) upon the crustacean foot, and 
the confirmation of this view which we owe to Packard ('83). 
It should also be remembered that the great majority of em- 
bryologists agree in refusing to the nauplius much phyloge- 
netic significance, holding rather to the view that its charac- 
teristics are adaptive rather than phylogenetic. 

Dr. Beecher also places much weight upon the existence of 
five segments in the head region of the trilobites, as evi- 
denced not only by the annulations upon the dorsal sur- 
face but by the appendages on the ventral surface as well. 
These he seems to regard as tending to show that the head in 
these ancient forms agrees "with what is generally accepted 
as the primitive [head] structure in modern true Crustacea.-' 
But this at once leads into many difficulties. Setting aside 
the fact that there seems to be no general agreement as to 
what constitutes the "head" in modern Crustacea* we are at 
once met with the fact that either the antennje or the anten- 
nula? are apparently unrepresented in the trilobite head. This 
involves more than a dilemma, for it has several horns. 

First, we may assume that in the trilobites, as in some phyllo- 
pods and isopods, one pair of antenna? has been so reduced that 
it is no longer recognizable in the fossils. But with this assump- 
tion the conception of the trilobite head at once changes ; it is 
no longer composed of live but of six somites. f On the other 
hand if we assume that there has been no dropping out of ap- 
pendages, and proceed upon the baais of exact serial homology, 
then there comes the difficulty that the second pair of antenna? 

*What, for instance, shall we recognize as typical for the crustacean 
head? In the Tetradecapoda we have a **head'' with six pairsof appen- 
dages. In the Decapoda we can diflferentiate two kinds of *'head" ac- 
cording as we recognize the mouthparts as cephalic appendages (eight 
segments) or as we take the cervical suture as constituting the bounda- 
ry between head and thorax, a line of division which would give a head 
of only two segments (cf. Ayers, '85). Again the Phylloptxia give a 
head oi three to six segments, according as we draw the line. 

tOf course nothing can be said of the true segments of the head as 
iDclicated by the neuromeres, etc., as can be done with the embryos of 
existing forms. (Cf. Bumpus, '91, McMurrich, '95.) 
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of the true Crustacea are equivalent to what in the trilobites is 
regarded as the mandible, and we are at once forced to divide 
the whole crustacean phylum into two classes, the one contain- 
ing the trilobites, and the other those forms which are undoubt- 
edly crustacean, a division which seems to me warranted by 
many other facts of structure and which I have already a- 
(lopted ('94) and which Dr. Beecher* is also inclined to accept 
('97, pp. 93, 94). 

There is even less evidence to support the supposed phyllop- 
odan atfinities of the trilobites. The t^^pical phyllopodan 
appendage has already been well described by both Lankester 
and Packard,* and there is nothing biramous about it, while 
there is much plausibility and even probability in the yiew 
that it represents the ancestral crustacean appendage, and is 
itself a direct derivative of the annelid parapodium. In the 
trilobites, on the other hand, the appendages, as shown (anten- 
nae excepted) in the restorations of both Walcott and Beecher, 
are as truly schizopodal as those of any Mysis, and they ex- 
hibit in these restorations not the slightest approach to the 
phyllopodan type. 

It is true that Beecher has alread}'^ figured, side by side ('94, 
pi. VII, figs. 3 and 4) the appendages of trilobites and a lar- 
val Apus, the intention being to illustrate the similarity of 
form. It however seems to me that this comparison is unten- 
able since it assumes that the endites of the phyllopod appen- 
dage are comparable to the separate articles of the so-called 
typical crustacean limb, a view which Lankester sixteen years 
ago showed to be without a true morphological basis. 

In the trilobites the pygidial region (why not abdomen?) 
bears appendages serially similar to those of the thorax; in 
the phyllopods, on the other hand, this region in both young 
and adult is without limbs, aside from the caudal furca. In 
the trilobite the body is divisible into axial and pleural re- 
gions, and the persistence of this characteristic in all the gen- 
era with which I am acquainted giva^s it a greater importance 
than might otherwise be attributed to it. In the phyllopods, 
on the other hand, nothing of the kind is found; thecarapax 
of the Apodida? and the bivalve shell of the estherians being 

*In the few points where Lankester and Packard disagree, I accept 

the interpretations of the former. 



Systematic Position of the Trilobites. — Kingsley, 37 

structures of a totally different kind. The little evidence we 
possess regarding the structure of the eyes of trilobites (Pack- 
ard, '80; Clarke, '88) goes to show that their structure is 
greatly different from that of the eyes of the phyllopods (Claus, 
'86) ; and in no crustacean, as far as I am aware, is there any 
migration of the visual area such as is pointed out by both 
Bernard and Beecher as occurring in the group of trilo- 
bites. 

On the other hand the resemblances between the trilobites 
and the isopods are of even more superficial character than 
those between the forms under discussion and the phyllopods. 
Body regions, appendages, everything, are dissimilar in actual 
structure; the resemblances are those of analogy, not even of 
convergent evolution. 

Since Matthews's first announcement of the presence of an- 
tennae in the trilobites, it has seemed to me that these forms 
must be regarded as constituting a distinct class of the Crus- 
tacea, and one considerably removed from the primitive stock, 
which I hold to be most nearly related to Apus* of all living 
forms. This group of Trilobitai, according to my standpoint, 
left the other Crustacea before the introduction of the nau- 
plius into the life history and before the complete differentia- 
tion of locomotor .and masticatory appendages. The penta- 
somitic head is a feature peculiar to this group, as is also the 
variability of the thoracic region and the great development 
of the pleura. 

I am sorry that the necessities of this discussion have re- 
quired me so often to quote professor Beecher, only to differ 
from him. His work in elucidating the structure of the trilo- 
bites has placed the whole scientific world in debt to him ; 
and I have no doubt that in all discussions which will follow re- 
garding the relationships of the forms in question he will have 
the prominence which has been given to Burmeister and Bar- 
rande in the past. The differences between us are largely 
those of interpretation, and I present my views only for the 
purpose of drawing attention to the points involved. 

Tufts College^ Mass,, March 14, 1897, 

♦This must not be regarded as implying any sympathy with the pecu- 
liar phylogenetic speculations of Bernard. 
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REMARKS BY C. E BEECHER. 
As a preface to these remarks, it may be stated that there 
is no intention on the part of either writer of indulging in a 
controversy regarding trilobite affinities. Prof. Kingsley, as 
a biologist and authority on living arthropods, naturally ap- 
proaches the subject from a standpoint nearly opposite to that 
of a trilobite investigator or paleontologist. The ditferences 
of opinion or interpretation lield by each are generally more 
apparent than real, and, as stated, depend mainly upon the 
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point of view. Further it cannot be expected that students 
of Lang, Glaus, and Lankester, will agree as to the value and 
significance of a number of important characters, or upon 
certain theories which have been the natural outcome of such 
differences. 

In the study of trilobite morphology and classification, I 
have made homologies and correlations from theories, opin- 
ions, and observations, which seemed most current and in gen- 
eral favor in standard text-books. The chief purpose of the 
investigation was to work out the structure and development 
of the trilobite and to apply the information to a classification 
of the members of the group itself. The results have been re- 
cently published in the Amer, Jour. Sci. (Feb'y and March, 
1897). No attempt was made to revise the classification of 
the animal kingdom from the trilobite standpoint, nor even to 
determine the branches of arthropod phylogeny. The discus- 
sion of the systematic position of Linndus was carefully 
avoided, though this is usually considered the chief end of any 
trilobite theorizing. The atfinities of the trilobites were man- 
ifestly closer to the Entomostraca and Malacostraca than to 
other arthropods, and therefore comparisons were drawn with 
these subclasses of the Crustacea. 

In the following remarks, only the main points of difference 
between the views held by Prof. Kingsley and myself are 
dwelt upon. 

If the trilobites are true crustaceans, as conceded, it is then 
fiiir to expect a more or less close agreement between the lar- 
val forms of both. In my paper on "The Larval Stages of 
Trilobites'' (American Geologist, Sept., 1895) I endeavored 
to show this close agreement, and concluded that the protas- 
pis stage of trilobites could be homologized with the nauplius 
larva of higher Crustacea. Prof. Kingsley' notes the follow- 
ing differences: (1) the differentiated median and pleural re- 
gions; (2) the segmented cephalic region; (3) absence of 
median eye; and (4) paired eyes. 

As to the first, I do not think the. differentiation is much 
greater than in the nauplii of Apns^ Cyclops^ Lucifer, and 
others in which there are side regions. The pleural regions 
cannot be considered as highly specialized characters, since 
they are common to many groups, and each segment is con- 
sidered as primarily consisting of tergum, pleura, and sternum. 
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(2) The segmentation of the protaspis is very feeble in 
the earliest stages, and is evidently emphasized from the fact 
that the fossils are viewed as opaque objects and exhibit 
strongly any inequalities of surface features, while living 
nauplii are studied as translucent objects. Furthermore, any 
such difference cannot be real, since the na^uplius shows its 
true segmented nature in its paired appendages. 

(3) The apparent absence of a median eye in the trilobite 
protaspis could be taken as of some value were it not that 
the fossils are not more than one millimetre in length, and 
even under the most favorable conditions could hardly be ex- 
pected to show such small features as ocelli. Moreover, the 
median eye may have been marginal or ventral and therefore 
would not be seen in the fossil, which only preserves the dor- 
sal crust. 

(4) Paired eyes are not present, or at least not visible in 
the protaspis stages of primitive trilobites. They may through 
acceleration appear in the protaspis stages of later genera, as 
they do in the nauplius embryos of certain modern decapods. 

I do not believe that the nauplius has any great phyloge- 
netic significance, and have considered it *'as a derived larva 
modified by adaptation'' (/. c, p. 190), and as a '^modified 
crustacean larva" (ibid., p. 191). 

It does not seem necessary to correlate the post-oral second 
pair of trilobite appendages with the mandibles of higher 
Crustacea. The second pair in the nauplius is also post-oral 
and manducatory, though they later develop into the antennje 
and are pre- oral. 

As to the cephalon of a primitive crustacean, I have mere- 
ly accepted the conclusion approved by Claus, as stated by 
Lang, in his r.econstruction of the original crustacean, which 
is as follows: "The head segment was fused with the four 
subsequent trunk segments to form a cephalic region" (Com- 
parative Anatomy, p. 406). 

Similarly in regard to the interpretation of the biramous 
appendages, I have adopted the statements and conclusions 
of a large number of zoologists who consider the most primi- 
tive appendages as branched or consisting of a dorsal and a 
ventral member, and I have followed them in thus interpre- 
te trilobite appendages,which are clearly of this nature. 

University Museum^ \ 

Uf 1897. ] 
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SOME NEW FEATURES IN THE GEOLOGY 
OF NORTHEASTERN MINNESOTA.* 

By N. li. WiMCHSLL, Minneapolis. 

When the data that have been gathered during the last fif- 
teen years relating to the geological structure of the nortti- 
eastern part of the state came to be put together, in an effort 
to classify and map them for a final report, it was discovered, 
that there were certain vacua in the series of facts which we 
could not fill, and some points on which we had not enough 
information to warrant final report. It was for the purpose 
of supplying some of this lacking information that a small 
party was organized last September for the purpose of review- 
ing some of the rock outcrops which had already been exam- 
ined. The results of this review are quite important and in- 
teresting. They are divisible into four parts, viz: 

1. The nature of the transition from the crystalline schists 
to the Laurentian. 

2. The nature and relations of the Stuntz conglomerate of 
Vermilion lake. 

3. The nature and position of the coarse conglomerate in 
the Puckwunge valley, near Grand Portage. 

4. The nature of the contact of the Saganaga granite on 
the Ogishke conglomerate at Saganaga lake. 

I shall speak of the first three of these, and shall leave to 
Dr. Grant an explanation of the contact of the Saganaga 
granite on the adjacent conglomerate. 

/. The nature of the transition from the crystalline schists 
to the Laurentian, 

Under the term Laurentian have been included, in Minne- 
sota, two ditferent rocks, or formations, in the same manner 
as in many places in North America, viz., (1) an acid crys- 
talline schist evincing definite and unmistakable evidence of 
direct derivation from a sedimentary rock without having 
sutfered fusion, or displacement from the position it original- 
ly occupied with relation to adjoining strata, and (2) a rock 
which is massive, or simply leaved by some cause into sheets 
of a homogeneous character, the sheets themselves being mere- 
ly separate layers of an apparently massive rock. The term 

♦Read at the December (189G) meeting of the Minnesota Academy of 
Natural Science. 
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Laurentian, if it have any chronologic significance, should 
be applied only to the former of these, and the latter, being 
of a later date as to origin and position, should have some 
other characterization. For the purposes of this discussion, 
they will be distinguished simply as sedimentary Laurentian, 
and irruptive Laurentian. The writer has already called at- 
tention to the ditferences that mark the crystalline rocks* 
whether igneous or sedimentary, and to the probable causes 
of those differences, based on theoretical considerations, and 
has reached the conclusion that the basal Laurentian gneisses, 
whether of the igneous Laurentian or of the sedimentary, 
must have had a cause other than that of normal irruption 
from the interior of the earth. f In an earlier paper read be- 
fore the American Association for the Advancement of Sci- 
ence,J he also reached the conclusion, based on theoretical 
considerations, that '*all acid eruptive rocks result from the 
hydro- thermal fusion of preexisting sedimentary strata em- 
braced in the super-crust of the earth." At the same time 
this conclusion was based on field observations made in north- 
eastern Minnesota. Since then Bayley has more carefully 
studied the rocks on Pigeon point and come to the conclusion 
that the acid rocks, at least of Pigeon point, have been de- 
rived from the fusion of the sedimentary strata concerned in 
the upheaval and metamorphism of the Animikie.g 

I wish to call the attention of the Academy to certain field 
evidences that prove as certainly that the Laurentian igneous 
rocks are due to fusion of the crystalline schists, and further, 
that the same process which produced the crystalline schists 
from sedimentary strata, produced also, when carried to the 
end result, the igneous rock which, in the form of granite 
dikes and extensive bosses, invades and overwhelms them. 

It is due to Mr. A. C. Lawson that geologists have become 
convinced that the igneous Laurentian is later than the sedi- 
mentary Laurentian, chronologically, although, in many in- 

♦The crystalline rocks: Some preliminary coDsideratioDs as to their 
structures and origin. Twentieth Annual Report, Minnesota survey, 
p. 1. 

tOp. cit, p. 27. 

iSome thoughts on eruptive rocks, with special reference to those of 
Minnesota: A. A. A. S., Cleveland, 1888, p. 212. 

§The eruptive and sedimentary rocks of Pigeon point, and their con- 
tact phenomena, Bui. 109, U. S. Greol. Sur., 1893. 
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stances the igneous underlies the sedimentary, and from it the 
sedimentary strata dip in all directions. Mr. Lawson cites 
many instances in which the sedimentary strata are penetrat- 
ed by the igneous, and in which blocks from the sedimentary 
have become separated from their parent masses and carried 
some distance in the mass of the igneous, remaining surround- 
ed by the igneous after solidification, till the present, attest- 
ing their prior existence. He did not, however, attempt, so 
far as known, to assign an origin to the igneous Laurentian, 
except the general one of saying it is an igneous rock. When 
he saw numerous alternations of the sedimentary and the igne- 
ous, in parallel strata, however fine the sheets were, he ex- 
plained such alternations by assuming that the sedimentary 
strata had been split numerously, along the lines of easiest 
separation, and that into the openings the igneous rock h»id 
been forced. Without attempting to enumerate at this time, 
the insuperable obstacles that present themselves to this idea, 
I will call your attention to the facts that have lately been 
noted with care on the northwestern shores of Vermilion lake. 
They seem to demonstrate two important facts in the genesis 
of the Laurentian, so plainly, that any competent geologist who 
examines the field relations will be convinced of their signifi- 
cance, and of the correctness of the conclusions drawn from 
them. These conclusions, already intimated, are as follows: 

1. The sedimentary Laurentian is a crystalline condition 
of sedimentary strata which are conformably a portion of the 
crystalline schists. 

2. The igneous Laurentian is the result of a more intense 
metamorphism, carried even to fusion of some strata. 

The parties of the survey have passed many times through 
Vermilion lake. They have uniformly noted the marked sed- 
imentary structure continuing from Tower northward, along 
the islands and shores, passing from the Keewatin to the crys- 
talline schists without any interruption of the conformity of 
the strata. There is no break in the series. The crystalline 
character comes on gradually. The first important appear- 
ance of mica schist is on some of the small islands and on the 
coast which strikes across the southwestern part of T. 63-16, 
and into sections 35 and 36, of T. 63-17. This is at a distance 
of about three miles from the point where igneous granite 
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forms the country rock, and between these two points extends 
a narrow portion of Vermillion lake on the shores of which 
are frequent large exposures of the same schist, exhibiting 
beautifully the relation it bears to the igneous rocks that cut 
it. Suffice it to say here that the sedimentary character is 
perfectly evident everywhere, even to the very contact with 
the igneous granite, and this fact was specially noted, on the 
occasion of the last visit, by all the members of our party.* 
It may be of interest to mention, also, that two epochs or 
ages, of igneous intrusion upon the schists were noticed. This 
is true both for granitic dikes and for trap dikes ; and the fact 
was noted at two or three miles from the granite boundary, 
and at several places. 

Going northwestward from the commencement of the mica 
schist, one notices the increase in the crystalline character of 
the schist, and in the number and size of the granitic dikes. 
The critical point for observation is found, however, just as 
the transition occurs from schist to gneiss, and to granite. 
The point to which 1 wish to direct your attention especially 
is on the west side of Outlet bay, on the dull point which em- 
braces the corners of sections 13, 14, 21 and 32, T. 63-17, and 
along the shore of the lake for half a mile westward. This 
shore was examined by the writer in 1887, and although at 
that time the same general conclusions were arrived at as to 
the genesis and succession of the rocks, the examination was 
more cursory, and the conclusions were held in abeyance until 
further and more detailed examination could be made. This 
seemed to be required by the published views of some geolo- 
gists who have questioned the banding seen frequently at the 
points of transition from crystalline schist to gneiss, and who, 
like Lawson, have attributed the banding of the gneiss at such 
transitions, to lateral intrusion of igneous dikes along the 
strata planes of a mica schist. The results of this first ex- 
amination are given briefly in the fifteenth annual report of 
the geological survey (pp. 293-94). 

In reviewing the situation the following were found to be 
the structural features which are noteompatible with the idea 

♦The meiiibers of our party were, besides the writer, Dr. U. S. Grant, 
A. H. ElftmaiJ. and II. F. Bain, the last a member of the geological 
corps of Iowa. 
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of lateral intrusion of thin sheets of eruptive matter at this 
point. 

1. There is an infinity of the granitic interlami nations 
coincident with the strata of the mica schist. 

2. Sometimes these interlaminations consist largely or even 
wholly of quartz. 

3. Sometimes they are very coarse like pegmatite. 

4. Sometimes they consist almost wholly of red coarse 
crystals of orthoclase. 

5. Sometimes the red color is not separated from the 
gray. 

6. A dike of red granite that cuts across the strike of the 
schist, three inches in width, in one place shows a transition 
abruptly to the schist, but in following it along, the dike is 
seen to lose its individuality by fading out on one side into 
the schist and for some inches the two rocks are blended, but 
on the other side the contact line remained nearly as distinct. 
The point at which the rocks are blended is marked by an ir- 
regular spur or nodule of more perfect granite but associated 
with this nodule is a small mass of vein quartz, showing that 
the generation of vein quartz had a close causal and contem- 
porary connection with that force which generated the more 
perfect granite. 

7. The granitic interlaminations, which pervade the whole 
mass, are so numerous that they really give character and a 
reddish color to the whole, and where the rock is weathered 
it all appears red as if the schist itself had nearly the same 
nature as the granitic interlaminations. 

8. Besides the granitic interlaminations and the approxi- 
mate conversion of the whole into gneiss, the rock contiiins a 
great many irregular nodules, and lenticular masses, varying 
in size from that of a walnut to areas several feet across, but 
mostly less than six inches, which consist of granite, but 
which cannot be referred to a normal intrusion of molten rock. 
They are entirely isolated, one from the other, and they some- 
times give the dark mica schist a curiously blotched aspect. 

9. While the blotches assume, sometimes, elongated shapes, 
the elongation being usually parallel with the stratification, 
they are sometimes very thin, varying from a quarter of an 
inch to several feet. 
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10. These isolated masses are both fine and coarse grained, 
sometimes very qiiartzose. 

11. There are very coarse pegmatyte veins, the orthoclase 
crystals being two or three, or even six inches on a cleavage 
surface, but these veins are usually in openings in the schist 
which are transverse to the prevalent structure. 

12. There are numerous segregations that consist partly of 
quartz and partly of a mixture of quartz and feldspar, the 
latter having some dark ferro-magnesian mineral in small 
amount. In some cases the feldspar and quartz surround a 
quartz nodule, and, vice versa, sometimes the quartz surrounds 
the mixed segregation. They must necessarily have had the 
same origin. 

13. Sometimes over large areas of the hard schist there ap- 
pears to have been generated a fine feldspar. The rock is 
still gray and schistose, but coarser and granular, and weath- 
ers red. This is a rock intermediate between granite (or 
gneiss) and mica schist. 

14. There is a hardening and crystallizing apparent, in 
some places, in all the schist, rendering it all susceptible to 
the name gneiss, but it is gray except on weathered surfaces, 
which become red, and on the parts which are of real 
granite. 

Other' characters were noted, but need not be mentioned. 
After considerable study as to the probable manner of origin, 
of this granite, I finally concluded that it is segregated chem- 
ically, and was not molten. That the schists were fractured 
at about the same time that this segregation took place, is 
evident, but at this place the filling of these openings was ac- 
complished mainly by chemical and hydro-thermal transfusion. 
There may have been actual fusion by hydro-thermal forces, 
at some short distance from the points at which the inspection 
was made, and some of the fused rock may have entered some 
of the adjacent openings in the schist, but if it did the resul- 
tant rock is so nearly the siime as that which has been gene- 
rated /// sifu that it can scarcely be distinguished from it. 

We hav(^ then, here, the conversion of the crystalline schist 
into gneiss, /// situ, near the boundary of a great granitic 
boss. We have the generation of isolated granitic nodules in 
the schist, some of them being identical with the granite of 
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the great granitic boss, and some of them being pegmatyte, 
and hence, since pegmatyte cannot be considered as of erup- 

» 

tive origin, owing to the size of the crystals of which it 
consists, both the finer and the coarser are to be referred to 
chemical origin. 

If now we connect these facts with the facts that are asso- 
ciated directly with the great granitic boss which lies adja- 
cent we are almost driven to infer that the great granite area 
must have had a similar origin under more intense action of 
the same forces. These facts are : 

1. Numerous dikes of true intrusion in the schists. 

2. Occasional inclusions of schist in the granitic mass. 

3. The sameness in character of these dikes and of the 
main boss, and of the granitic parts* of the schist. This sim- 
ilarity is general. There are variations in both. 

In general, it may be said that all this change of the schist 
to granite, or to gneiss, took place at considerable depth be- 
low the surface, and that these relations are now apparent at 
the surface because of the decay and removal of much super- 
incumbent rock. It was a process of long duration, involving 
thousands of years. It took place when the internal heat of 
the earth was much greater, and the fusing-point isothermal 
ran nearer the surface. It was at a time also, in all proba- 
bility, when the oceanic water covered the region with a thin 
aqueous layer, and when water found frequent access to the 
heated interior by reason of more frequent fractures and up- 
heavals in the thin crust. Hence heated steam was abundant 
and available to assist in the transformation of the early sed- 
iments into crystalline forms. Once plastic or molten, such 
materials would flow' easily, and as soon as they began to flow 
they constituted true igneous rock, in the ordinary accepta- 
tion of that term. It will be only a rare circumstance to find 
such fused rock-matter re-crystallizing again in its original 
place. It would move, in large masses and in small, and would 
make, as it does, innumerable *' contacts" on the original 
schists, thus appearing to be always non-conformable. Such 
contacts, however, are not ordinary igneous contacts, for the 
enclosing rock is nearly of the same composition, and the ^ame 
coarseness as to crystallization as the enclosed rock, indicat- 
ing nearly the same temperature. When a molten rock con- 
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tacts on a cold rock it is chilled and crystallizes finer at the 
immediate contact. No such phenomena are found in these 
contacts. 

We conclude, therefore, as already stated, that the trans- 
ition from the crystalline schists to the gneiss and granite 
was of the nature of a gradual conformable change, accompa- 
nied by silicification, and by a change of the schists them- 
selves to gneiss, in the first place, and finally to granite by 
hydro-thermal fusion, and that the granitic rock penetrated 
the schists by generation in them of the granitic minerals in 
the first place, and later, or nearer the seat of the greater heat, 
by actual intrusion in a molten form. 

2. We come now to the second point tx) which I wish to 
call your attention, viz., the nature and relations of the Stuntz 
conglomerate to Vermilion lake. 

This conglomerate forms a large island near the south shore 
of the lake, and is named from this island. It also spreads 
east and west for several miles, appearing on the mainland. 
It is a rather curious formation, as its pebbles consist almost 
wholly of one kind of rock, and that of a kind not known in 
the region in sufficient amount to have furnished these pebbles, 
viz., rt gray felsyte, or quartz porphyry. The Minnesota sur- 
vey has reported on this conglomerate, but without reaching 
any conclusion as to its true nature and origin, although lat- 
terly somewhat inclined to favor the idea of eruptive origin 
for the mass, the pebbles being, under that hypothesis, of the 
nature, originally of volcanic bombs, and the cement of the 
nature of volcanic ash. This view, however, has never been 
published. 

About a year ago a paper was published in the Transaction 

of the American Instituteof mining engineers,* whose authors 

proposed a new and remarkable hypothesis for the origin of 

this conglomerate, which if true, taken in connection with all 

the attendant consequences, as detailed by them, would require 

verj' important, and even sweeping changes in the geology of 

the region as it has been supposed to exist, and as reported by 

the Minnesota survey. They advocate the view that this rock 

is not a conglomerate, but a breccia. They consider it as a 

♦Smyth and Finlay. (Toological Structure of tho westoru part of the 
Vermilion range, Minnesota. Tran. Am. Inst. Min. Eng., Atlanta 
meeting, pp. 51, 1895. 
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massive acid rock originally, which cut the rocks of the iron- 
bearing formation. Subsequently they suppose that this 
massive rock has been presssed and broken and sheared. They 
suppose three or four directions of shearing in order to cut 
the rock into cuboidal blocks along certain planes of movement 
and a continued frictional movement along, the same planes 
aft^r the rock was cut, thus breaking off the angularities of 
the blocks and surrounding them by a matrix which they po- 
etically style the **flour of attrition." When sufficiently round- 
ed the blocks and the flour were then consolidated and became 
the Stuntz conglomerate. 

Our party carefully reviewed the whole subject. They not 
only found that the rock is a true conglomerate, but also dis- 
covered its basal contact on the iron-bearing formation. In- 
stead of being associated with the iron-bearing formation, and 
older than the slates and the graywackes, it is of the same 
formation as the slates and graywackes, and lies unconform- 
ably on the iron-bearing formation. We also found that the 
composition of the conglomerate is not uniform — as it must 
be if it have the origin presumed by the authors of that hy- 
pothesis. Not only do the felsyte pebbles vary in grain, even 
those in contact in the mass, some being porphyritic and oth- 
ers not, some being of a darker color lying beside those of a 
light color, but they are of different sizes, though in contact, 
rendering the shearing and cutting motion if it took place, 
one of multiple planes instead of definite ones, and of short 
and varied application instead of continued and rigid. 

We also found, what is most convincing, that the bottom of 
this conglomerate, when it lies on the jaspilyte of the region 
is composed almost entirely of fragments from the jaspilyte. 
Messrs. Smyth and Finlay admit that, on their hypothesis, 
the intrusion of the acid eruptive may have torn from the 
fltrata through which it passed, fragments of the jaspilyte, 
and might even carry them some distance in the direction of 
the flow. It is in that manner that they account for frag- 
ments of the jaspilyte which they found in the conglomerate. 
That may be admitted. But we found the conglomerate to 
consist, in the proportion of 9 to 1, of fragments of jaspilyte 
at a point 10 feet from the contact. It is hard to believe that 
an acid rock composing but one-tenth of a mass would be able 
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to transport even ten feet, the remaining nine-tenths. Fur- 
ther, we found that this conglomerate graduates into a quart- 
zyte, and into a graywaeke and that the gray wacke graduates 
into argillaceous slate, these latter constituting, with the con- 
glomerate, an upper formation nonconformable on the iron- 
bearing formation. 

This discovery not only corrects Messrs. Smyth and Finlay, 
but corrects also the Minnesota survey, for the Minnesota sur- 
vey had not before recognized this plane of non-conformity, 
although it had been claimed to exist in that region by Prof. 
C. R. Van Hise of the United States Geological Survey. 

The importance of this discovery is so great that it is not 
possible to discuss its effects on the structural geological 
scheme of the state at this time. Whether this break in the 
stratification be a northern representation of that which ex- 
ists at the base of the Taconic, or an older one which thus 
would really make an important new formation in the Arch- 
ean, is not yet ascertained. 

3. There remains now the third point which I will allude 
to but briefly, viz: the nature and positio7i of the conglomerate 
in the Pvcktatinge valley. 

North from Grand Portage village is a stream entering the 
Pigeon river from the west which the Indians call Puckwun- 
ge. Along the side of this valley is a conglomerate and 
quartzyte, in the northern slopes of the hills which form the 
southern barrier of the valley. This conglomerate, which has 
been twice examined, remained until the recent visit, some- 
what of a puzzle. It is not where a conglomerate has been 
expected. It undoubtedly forms the base of a formation, 
either of the Animikie or of the Keweenawan. It is overlain 
by igneous rocks resembling the traps of the Keweenawan. 
What it exactly lies upon we could not find out, but in a low- 
er level in the same hills is a singular-looking and somewhat 
slaty rock which we named the Puckwunge slate. This slate 
is an important formation. It extends far northward, at least 
across the Puckwunge valley, and eastward. It forms the 
outcropping rock seen at several places on the Grand Port- 
age trail, except near Grand Portage village where the usual 
features of the slaty Animikie are seen. The drift is rather 
heavy in the region, and it was only by general taxonomic 
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considerations that we reached the tentative conclusion that 
this slaty rock is an upper member of the Animikie not before 
individualized by the survey, nor indeed before mentioned by 
any geologist. It is over this soft, slaty, greenish rock, that 
the Puckwunge conglomerate belongs. 

This conglomerate consists of quartzyte pebbles, for the 
most part, but this quartzyte varies in color from white to 
pink and to red. These are not perfectly characteristic, but 
are referable to the quartzytes that are a large feature of the 
Animikie in the hills next further north. We gathered an 
assortment of these pebbles, and shall make further examina- 
tion of them. We sought in particular for the well-known 
taconyte pebbles, which would show this conglomerate to be 
later than the ores of the Mesabi iron range, hence later than 
the Animikie, and although the specimens have not yet been 
examined microscopically, two or three of them appear to be 
of that peculiar kind of pebbles.* 

The importance of this discovery is also great. It extends 
to a region not before suspected the basal conglomerate of the 
Keweenawan. This conglomerate is known at the base of 
Grand Portage island and more recently we have identified it. 
tentatively, along the lake Superior coast, at intervals, from 
Baptism river to near Beaver bay, and further east. It is a 
valuable guide to the separation of the older Norian eruptives 
from the true Keweenawan. I have recently brought this sub- 
ject out fully in a series of papers in the American Geologist, 
and it is not necessary to dwell on it again. f 

These three important observations and that relating to the 
nature of the contact of the Saganaga granite on the Ogishke 
conglomerate, were the results of a three weeks' trip late last 
fall. They show that it is necessary to proceed very careful- 
ly in drawing general conclusions as to the geological struct- 
ure of that portion of the state. Our work has shown the ge- 
ographic distribution of the formations, but it has not been 
sufficient to show, in all cases, the chronologic order and the 
genesis of the rocks that we have described. 

♦Thin sections have later been examined. They show the peculiar 
crypto-crystalline silica of the rock taconyte, but not the usual amount 
of iron oxide. They are referable to the Animikie. 

fA rational view of the Keweenawan. Am. Geol., xvi, 150, 1895. 
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EDITORIAL COMMENT. 



Man and the Megalonyx in North America. 

Mr. H. C. Mercer has been exhuming what are probably the 
last relies of the Megalonyx which has been from time to time 
partially disentombed from the Big Bone cave in Van Buren 
county, Tennessee, and has given an account of the work in 
the last number of the Proceedings of the American Philo- 
sophical Society. The first found specimens came to light in 
1835, the next in 1864. and these last in 1896, by an expedi- 
tion sent out from the University of Pennsylvania with the 
object of determining the antiquity of man by correlating his 
remains with thoso of some of the extinct niammalia of North 
America. The cost of the expedition was generously defrayed 
by the vice-president (»f the university. Dr. William Pepper. 

This and other caves had been rifled for saltpetre during 
the wars of 1776, 1812, and 1863, and the relics of the Mega- 
lonyx were found at the very end of one of the subterranean 
galleries after all the earth had been removed up to that 
point. Hence they were not much disturbed. 

Mr. Mercer deserves much credit for his perseverance in the 
diflicult and excessively unpleasant task of the disinterment 
of the bones. They were completely embedded in a layer of 
dung of the cave-rats which have evidently frequented the 
cave from time immemorial. But the results add nothing to 
our knowledge of ancient man. No evidence of his presence 
was discovered with two doubtful exceptions which will be 
mentioned later. The skeleton lay a thousand feet from the 
entrance where the cave is perfectly dry and dusty and where, 
unfortunately several openings exist to the surface through 
which much of the lighter material may have been carried in. 
Though the deposit can be divided into several layers with 
much distinctness it is obvious that in a dry cave that is fre- 
quented by rats and porcupines and has been ransacked again 
and again for saltpetre there must exist much uncertainty re- 
garding the relation of objects merely buried in the dry rats' 
dung in a layer thirt}^ inches thick and only covered with 
another two inches in thickness. 

But in fact the explorations tend to show rather the recen- 
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cy of the Megalonyx than the antiquity of man. As Mr. Mer- 
cer says (p. 70) : ''We have modernized the fossil sloth if we 
have not definitely increased the antiquity of the Indian hunt- 
er whose first coming the animal doubtless witnessed in the 
woods of Tennessee." 

This is strongly confirmed by the very modern appearance 
of the bones, some of which yet show traces of their cartilag- 
inous attachments — a circumstance by no means unknown in 
similar finds. 

The total absence of stalagmite deprives us of the strong ar- 
gument, that proved unanswerable in the case of Mr. Pengel- 
ly's reports on Kent's cave, by separating the layers by impef- 
meable barriers of limestone and thus preventing confusion. 
It is consequently impossible to extract satisfactory evidence 
in the present instance. This is obvious from such facts as 
the following: the occurrence among the specimens older 
than the bones of the body of a fly identical with a European 
species and very probably introduced to the continent by the 
white men, though of this entomologists are not sufficiently 
sure. Mr. Mercer says (p. 67) "According to the order of for- 
mation of the different refuse the lower layer preceded the 
upper and the gnawed nuts, the seeds, the fly preserving in- 
tact its delicate wings comparatively modern as they seemed, 
had reached their position before the deposition of the bones." 

The paper is excellently illustrated with figures of the cave 
and the bones, but can hardly be said to be valuable as an ad- 
dition to our knowledge of the subject. It is especially dis- 
appointing to reati that the only two objects found which 
might possibly be regarded as indicative of the presence of 
man (though very doubtful ones at best) namely, a small frag- 
ment of maize-silk and a single sunflower seed, are deprived of 
value by the possible introduction of the former during the 
excavation and a mischance in affixing labels on the latter. 

A curious mistake or perhaps misprint occurs on the last 
page where percolating lime is mentioned as filling the cavi- 
ties. It is difficult to imagine any such substance in a lime- 
stone cave or anywhere else in nature and we cannot but re- 
gard it as an error for carbonate of lime. 

Mr. Mercer also seems to be unaware of the existence of the 
Megalonyx found in Holmes Co., O., in 1890 and described in 
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this journal in February, 1891. Eighty bones were obtained 
and the remainder are doubtless still lying in the peat that 
rests upon the glacial gravel and prove by their position their 
postglacial date. The bones are now set up and form one of 
the most valuable treasures of the museum of the Ohio State 
University at Columbus. 

The Megalonyx, being on the above evidence certainly post- 
glacial in North America, it would surprise no one to learn 
that the remains of man should be found in association with 
its bones. But early man in America does not seem to have 
frequented caves as dwellings as freely as did his European 
relations. At least American caves have as yet yielded little 
evidence of value proving human occupation or association 
with cave-dwelling animals either recent or extinct, e. w. c. 

A Tribunal of final appeal should be independent of 

ALL influence. 

It is a somewhat significant fact that with the exception of 
the Ist (Paris), 2d (Bologna), and 4th (London) sessions of 
the International Congress of Geologists, every other has been 
under the influence and auspices of the*'oflScial geologists" of 
the •'official geological survey'' of the particular country where 
the Congress was held. Yet at Berlin it was plainly declared 
in the Bureau that every respectable bona fide geologist had the 
right to a seat in the Congress : and on the question arising 
what weight a vote of the body would carry when usually over 
half the members were from the country where the Congress 
was held, and for various reasons some of the countries most 
important geologically might not be represented at all or very 
insufficiently (i. e. Germany at a Congress in France and vice 
versa), it was answered that each country should have one 
vote on every question, and the nature of that vote should be 
determined by a caucus of the members from that country. 

The clumsy but ultimately successful attempt of major J. 
W. Powell and others of the U. S. Geological Survey to change 
the place of meeting of the 5th session from Philadelphia, 
(where a unanimous vote of the London Congress had decided 
it should go) to Wasliington; and the dismal failure of that 
session in number of foreign visitors, management of excur- 
sions, and character of the volume issued, is well known 
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abroad as well as here. A pernicious influence must have 
been exerted on our sister republic of Switzerland, for at the 
Zurich meeting for the first time the cabal of international 
officialism began to abandon disguise. It was proclaimed by 
the presiding officer for the first time that two out of a num- 
ber of members from a certain country were ''delegates/' 
because they each had a letter from the "official geologist'' of 
the country recommending them as representatives of the 
"official geological survey." Thus the anomaly was presented 
of an employe of the Interior Department of his own land des- 
ignating who should sit as a representative of that land in the 
council of the Congress. It was for this reason that the writer 
offered the resolution requiring the next bureau to define who 
were ''delegates," and who were authorized to appoint them. 

This resolution was unanimously carried by the Council. 
But owing to a practice which may possibly be due to the de- 
sire of the international geological trust to perpetuate itself, 
the volume containing the papers and transactions of one 
meeting is held hack till just before the next meeting, or three 
years; indeed many of those who attend a meeting of the Con- 
gress see the volume of the preceding meeting only on return- 
ing to their homes. This prevents concerted action and puts 
off for six years any possibility of correcting an error which 
may occur in the volume. The translation of the resolution 
(which appears in the printed record of the 3d session of the 
council, Friday, Aug. 31,1894) appeared in this journal in 
1894, and is as follows: "The Bureau of the Congress will 
consider the following questions and will reach decision in 
time to apply it to the organization of the next Congress. 

"1. To what extent does the Congress recognize the right 
of governmental bureaus, as such, of societies, or of any kind 
of organizations, to send representatives to the Congress? 

**2. Within what limitations does the Congress recognize 
. the right of such representatives or of only a portion of the 
members of the Congress coming from the same country to 
designate who shall be the vice-president representing their 
country, or to take any other steps (in the name of their 
country) without consultation with all their countrymen 
members of the Congress? " 

The prospect that our Russian brethren will give the coup 
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de grace to this bureaucratic, eelf-perpetuating practice is not 
very bright, but by the terms of the resolution some action 
must be taken by the Bureau, which should be made the basis 
of an organized effort by all freemen to kill favoritism of 
every kind and throw open the Congress to all geologists 
alike. It would be very significant if this reform step were 
taken in St. Petersburg. p. f. 

PALiEOZOIC GlACIATION. 

In the Quarterly Journal of the Geological Society Mr. 
Aubrey Strahan gives an account of a recent visit to Norway 
to examine the so-called glacial phenomena of the Varanger 
•fiord. His report fully confirms that of Dr. Reusch, and there 
is now no standing-ground for maintaining any opposing 
opinion. 

His report and his photographs must be regarded as decis- 
ive. The planed and smooth rock face with a lenticular mass 
of genuine boulder clay lying on it, and covered in turn with 
a second layer of similar quartz grit, are as clearly of glacial 
origin as are the boulder-clays of our recent glacial era. So 
close is the resemblance that were it not for the important de- 
ductions consequent upon the admission, hesitation would be 
impossible. Microscopical examination has shown that the 
quartz-gravels in the indurated boulder-olay or boulder-rock 
have been enlarged by secondary deposition in optical contin- 
uity, just as those in the Waverly quartz'grits have been re- 
juvenated with the same material. Regarding the exact age 
of these beds in the absence of fossils, the paheontologist can 
give no opinion. But the researches of the Norwegian geolo- 
gist lead to the belief that all these strata are overlain with 
beds holding the ()Iei)cllus fauna, and therefore of the age *'of 
the basal Ombrian quartzite or they may be even as old as 
the Torridon sandstone." 

Previous results in India and Australia have prepared us to 
look for signs of glaciation even under the equator in days as 
distant as the Carboniferous era. Norway, or at least Varan- 
ger fiord, is, on tlie other hand, close to the Arctic circle. Yet 
the occurrence of ice so far down in the rock and so long ago 
as the oldest Cambrian or pre-Canibrian time is not a little 
surprising. In any case, this ice action must be coeval with 
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the earliest known life, and if the rocks are of Torridonian 
age it must even antedate the deposition of those ancient 
hitherto Azoic strata of Scotland. The theoretic deductions 
herefrom are many, striking and important. e. w. c. 
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Pleistocene Features and Deposits of Uw Chicaga Area. Frank 
Levebett. (Bulletin of the Chicago Academy of Sciences. 1897.) This 
paper contains a 8UQ»mary of Mr. Leverett's work upon the moraines 
and drift sheets of the country lyinf^ within about 100 miles of Chicago. 
It gives an account in considerable detail of the various lines of drift ma- 
terial as they are now growing more distinct and distinguishable under 
careful and persistent scrutiny, to which result Mr. Leverett's own la- 
bors have in a very large degree contributed. He recognizes the follow- 
ing series of successive glaciations: 1. The Albertan or oldest (of Dr. G. 
M. Dawson) which has not been found in the district. 2. The Kansan, 
to which belongs great part of the drift sheet of southern Iowa and 
Missouri, which also scarcely enters the area. 3. The Illinoian, which 
includes a sheet covering western Illinois and a small part of southeast- 
ern Iowa. 4. The lowan "upper till" of McGee, contemporaneous with 
the great "loess" sheets of the west. 5. The early Wisconsin with four 
substages indicated by minor moraines, and 6, The later Wisconsin 
with three substages, including the massive Valparaiso system skirting 
the southwestern shore of lake Michigan. 

Mr. Leverett reviews the evidence regarding the relative dates of these 
various ridges which is drawn from the amount of erosion, leaching, in- 
termediate Soil, and forest growth and other sources. The data indi- 
cate a succession of ice-invasions from different sources, the most exten- 
sive of the series overriding the deposits of the earlier ones and to a 
great degree or altogether defacing them, while thoee that followed left 
on the surface their terminal moraines and other monuments to indicate 
the limits of their southern advance. In this way a rudely con?entric 
stucture of massive but gently sloping ramparts was built up around 
the south end of lake Michigan and other salient points on the northern 
line of the ice- front, the tracing of which is the subject of the present 
work. The paper is illustrated with several maps and some good photo- 
graphic reproductions of exposures in the works of the Chicago drainage 
canal, etc., (most of which are the work of Gay ton Douglass of Chicago) 
and the author closes with a discussion of the present changes going on 
around lake Michigan and the lapse of time which they express. 

E. W^. C 

Papers ami Notes on the Genesis and Matrix of the Diamond, By 
the late Henry Carvill Lewis; edited from his unpublished manu- 
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scripts by Prof. T. G. Bonney. Octavo, 72 and xvi pp., three plates. 
$2.50. LongmaDS, Green & Co., New York, 1897. This is the second of 
Prof. Lewis* works issued posthumously by Mrs. Lewis. It shows the 
versatility of Prof. Lewis' genius. It stands at that end of the science 
at which is required the greatest preliminary study and the most pa- 
tience and skill with delicate apparatus, as the other stood where the 
least is required. These two works attest the affectionate tidelity and 
remembrance of her whose close sympathy and aid must have been one 
of his chief incentives. 

To the original papers of Prof. Lewis, which he read before the Brit- 
ish Association for the Advancement of Science, P*rof. Bonney has made 
valuable editorial minor emendations and has added brief macroscopic 
and microscopic descriptions of some specimens from America found 
amongst the materials left by Prof. Lewis. This friendly editorial ser- 
vice has been done by Prof. Bonney in lieu of Prof. G. H. Williams, to 
whom it was entrusted by Prof. Lewis during his last illness, but who 
died from the same disease (typhoid fever) before he was able to accom- 
plish the charge. 

The remarkable rock containing the diamonds found at Kimberley, 
South Africa, was named kimberlyte by Prof. Lewis. He found it con- 
tained the following minerals, many of them only in microscopic quan- 
tities. 

Olivine, forming the larger portion of the rock, often quite fresh. 

Enaiaiite, chromo-diopside, smaragdite and bastiie often in fine green 
plates or crystals. 

Biotite, a very prominent ingredient. 

Oarnet, common in bright red grains. 

PerovHkiie, abundant in microscopic crystals. 

Magnetiie, cfiromite, ilmenite, pivoiite, common under the micro- 
scope. 

Apatite, epidole, orthite, trenwlite, tourmaline, rutile, sphene, lencox- 
ene (scarce and minute). 

Serpentine, calcite, zeolites, chalcedony and talc as decomposition 
products. Also an undetermined mineral, probably cyanite, and finally 
diamond (scarce). 

The rock embraces many inclusions of rock-fragments, such as shale, 
diabase, granite, gneiss, eclogyte and of other rocks, but those of shale 
are by far the most numerous, sometimes constituting the greater por- 
tion of the rock. 

Kimberlyte is a decayed and brecciated peridotyte and exists in the 
crater and '*pipe'-of an extinct volcano, and is now mined at a depth of 
over 1500 feet. Its structure resembles the chondritic structure of stony 
meteorites, due, as supposed by Lewis, to frequent and continued ex- 
plosive jars during the activity of the volcano. The adjoining black 
shale is bituminous and charged with pyrite. but those fragments which 
are enclosed in the kimberlyte have lost their shaly character, their 
carbonaceous matter and their sulphur. It is to these shale fragments 
that Lewis attributes the origin of the diamond, through the concentra- 
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tion in the basic rock of the carbon without the access of sufficient oxy- 
gen for carbonic acid. 

Prof. Bonney describes with citation of Williams and Diller, the kim- 
berlyte of Syracuse, N. Y., and of Elliott county, Ky. These present a 
very close macroscopic and microscopic resemblance to the diamond- 
bearing rock of South Africa These also embrace many foreign frag- 
ments, among which shale predominates. The Syracuse rock was 
described by G. H. Williams in the Bulletin of the Geological Society of 
America, i, 1890, p. 533, and the Elliott county rock by Mr. J. S. Diller 
in Bulletin 38 of the United States Geological Survey, 1887. n. h. w. 
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F. Kemp: Mineral Resources of New York state*, F. J. H. Merrill. Vol. 
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Development and mode of growth of Diplograptus, McCoy, R. Ruede- 
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The Hempstead Plains, Long Island, N. Y. When I first began 
the study of the drift phenomena on the west end of Long Island, I 
was led to suspect that the formation of the Hempstead plains was due 
to the breaking through of the glacial waters at Roslyn, as west of this 
point the glacial rivers seemed to be more confined to the north side of 
the island, behind the terminal moraine. A visit to the plains in ques- 
tion during the summer of 1882 seemed to confirm this conjecture for 
everywhere, as Warren Upham says, the moraine seemed buried by flu- 
viatile gravel and sand. 

On a recent visit, however, to this locality, I discovered a well defined 
kame-like moraine at East Williston, a little to the north of Mineola. It 
does not form a very conspicuous feature in the topography of the 
plains, yet the Roslyn branch of the Long Island railroad makes quite 
a deep cut through it. The erratics scattered over the surface show 
plainly that the ice sheet must have advanced to this point. 
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It would be difficult, perhaps, to trace out one continuous moraine 
across the plains, as in places there is only a slight fringe of boulders to 
mark the southern limits of the glacier. 

During my recent visit, however, I was able to follow up the Willis- 
ton ridge to the east as far as the main line of the Long I&land railroad 
some two miles south of Westbury. Here the moraine is somewhat 
broken and a second ridge appears about half a mile to the north, more 
prominent than the one I had traced out fi'om Williston. I walked 
along the railroad track across what seemed \jo be an old water channel 
or lakelet and found the Westbury moraine, very much like the first, 
chiefly composed of stratified gravel and sand; the material was some- 
what coarser, perhaps, and the boulders on the surface were larger and 
more abundant. 

The railroad makes quite a deep cut through it, and then enters a 
level plain which stretches out to the northern series of hills. The sec- 
ond beach-like ridge seems to form the northern margin of the old water 
channel referred to, and continues unbroken as far as the village of 
Hempstead where other old glacial river channels are met with. On 
leaving the railroad track, about a mile south of Westbury, the boulders 
begin to disappear from the surface so that this ancient beach seems to 
be both inter-morainic and extra-morainic; but I found no difficulty in 
tracing it, as the old water channel is continuous and plainly visible the 
whole of the distance from the railroad to Hempstead village, where an 
outlet to this lake-like depression took place. The town waterworks 
are situated at the mouth of the old water channel. The depression has 
been deepened somewhat and a small stream of water is flowing through 
it, a tiny representative of a once powerful river. The dark, peat-like 
formation covering the underlying gravel is about eighteen inches in 
thickness, which gives us some idea of the extent of postglacial time. 

The Williston ridge, or beach, doubtless formed the southern margin 
of this glacial stream or lake, but it seems to be more broken than its 
northern neighbor, and is not so easily defined. I did not have time to 
follow it up, however, in its entirety, but there is no question of its ex- 
istence, as it is well developed at Williston, as stated, and there can be 
no doubt but that the ice sheet advanced to this point. 

The line of the terminal moraine has generally been drawn back as 
far north as Roslyn, although the present writer has always maintained 
that the moraine did not recede, but only disappeared. The discovery 
of the Williston ridge seems to verify this statement, and a careful sur- 
vey, I think, will establish a terminal morainic line — an attenuated 
glacial border across the plains from Hainsdale eastward to Farming- 
dale some six miles south of northern series of hills. Of course, the 
**back bone" as the terminal moraine is called, becomes very much 
disjoined between the two points named, but this is nothing unusual, 
as the same phenomenon occurs in other glaciated regions. 

The report of the geological survey of New Jersey, 1893, on page 149. 
contains a description which might be applied to the Hempstead plains. 

It says: **From Buttzville westward the stratifled drift forms the lar- 
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ger portioD of the moraine, until th«» valley of the Delaware is reaolunl. 
Here the moraine topography is interrupted by, and gives plaee to the 
gently undulating surface of the over-wash plain, which is continmnl to 
Trenton and beyond." There is no river at present flowing across the 
Hempstead plains, but the old water course, referred to, would indicate 
that the same conditions prevailed here during the closing scenes of the 
glacial period as in the valley of the Delaware. 

Harbor Hill at Roslyn, 384 feet in hight, is stratifiiHl almost to its 
summit. This shows the powerful action of the glacial currents, and 
the whole fluviatile character of the plains tells the story of the deluge. 
Coarse detritus covers the highest ridges, and the finer seiliinent is 
washed out to the ocean, as at Far Ro(:;kaway, filling in the southern 
bays and forming a pathway to the sea, as at this point the land projects 
out to the sea beaches that fringe our coast, and which were undoubt- 
edly originally formed by glacial currents. The whole of the south side 
of the island has been generally looked upon as a dereliction of the sea, 
and Prof. Franklin Hooper, director of the Brooklyn Institute, in a re- 
cent lecture on the geological formation of Long I»iland, stati^d that he 
was prepared to prove its marine origin, and began his interesting lecture 
by a beautiful view of the Long Island coast, showing how the waves 
of the sea build up the long line of sea-beaches along the Atlantic bor- 
der. Now the fact is the waves destroy more than they build up, as all 
the evidence seems to show that the sea is gaining on the land. In a 
paper on the **Ups and Downs of Long Island'** I proposed to explain 
how the Fouth side of the island, as well as the so called sea-beaches, 
had been formed by glacial currents, and the l()ng<»r these phenom(*na 
are studied the more I am convinced that th(! waves of the sea htid 
little to do in the formation of the islanrl. 

There is much, however, that still seems inexplicable, and it will re- 
quire years of patient and careful study to solve the many problems 
which so far have baffled the ablest scientistp. 

As far as the present writer is aware, not a single marine shell has 
been found in the region of the Hempstead plains. A fragment of a 
crinoidal stem was found in boring a well on Harnum's island, but this 
was undoubtedly washed in fn^m some older paleozoic formation. Drift 
wood is nearly 'everywhere found in digging wells. At Westbury a log 
of wood, three feet long and one in (liamet<»r, was fr»und at the depth of 
103 feet. It was not very much decayed. Another was found ni-ar it, 
at not so great a depth, and on the south#»rn border of the plain, n-cr-nt 
borings for the Brooklyn watf^r supply gn»at quantities of wo<id have 
been met with at various depths. Thtr si><M-ini«*ns have l/*^*n identiflfrf] 
with forest trees that grew along our (.'oast at the time r»f the glacial 
period, and there is no evidence I believ*'. that th** \vt)4)t\ found n*pn* 
sents interglacial forest \ftH]H. The |j<>sition of most of theU»gH fxhiim^d 
would indicate that they wen* wash^^l in during the rlefKjsition of the 
Band and gravel. It is a singular fact, liowev»*r. that th**H<? wtntti fraj^ 
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moDts are always found in stratified deposits, but never in the unmodi- 
fied drift. One would naturally suppose that an ice sheet grinding and 
carrying with it the rock and other debris from the surface of the land 
over which it passed would have embosomed in it some of the wreck of 
the forest lands, but there is no such indication in the drift of Long 
Island. I mean, of course, the unmodified drift, for, as stated, the wood 
fragments have only been found in the overwash or beneath it. Lignit« 
found at greater depths, nearly 400 feet below the surface, may l>o older 
and of different origin than the wood fragments referred to, although 
the late curator of the Long Island Historical Society, Mr. Lewis, says 
of it: "The lignite found threw no light on the age of the beds. It is 
brought to the surface in small pieces and that from the surface of the 
clay bed 353 feet was formed from small stems of exogenous structure. 
The same is true of that found at 70 feet. This deposit of clay 56 feet 
in thickness seems closely analogous to many clays now upon and at va- 
rious depths beneath the surface of the island. It is evidently a local 
deposit such as might occur in a depression of the surface. Two tube 
wells have been driven at no great distance from Barnunrs island, one 
97 the other 194 feet, in which no similar layer of clay was detected." 
This was said in reference to the boring on Barnum's island, which may 
be said to form part of the Hempstead plains. The same is also true of 
the Woijdhaven well near Jamaica bay where the rock in situ was 
reached at the depth of 550 feet. Fragments of w(kx1 and lignite were 
found at the depth of over 300 feet in a stratum of clay 10 feet in thick- 
ness. Nothing of a marine character was found. In fact, very little of 
an organic nature could be detected. 

Both of the deep wells wefe failures so far as a supply of water was 
concerned, which would seem to disapprove Mr. Dar ton's theory, that 
there is a substratum of water flowing from the main land underneath 
the sound and across Long Island sufficient to supply the whole of the 
city of Brocjklyn. A few experiments have been made and a few flowing 
wells have been struck on the Hempstead plains, but their success has 
not seemed to warrant a greater expenditure of money. I have before 
me a copy of a letter written by Mr. Carmen, an experienced well digger 
of Hempstead, in relation to the well boring on Barnum's island in the 
Great South bay near the ocean. He says: **The first five feet was 
coarse sand and gravel, the water was fresh. The next fifty feet the 
soil was in layers of sand and clay. The water was salt, with creek 
mud and bilge water. We then passed through a very dense layer of 
blue clay for 70 feet with no water in it. We had to bore through it 
with augors and lift it out like putty. At one hundred and three feet 
wo reachcMl fresh water again, but in small quantity and very poor in 
quality. We continncil to throe hundred and sixty-five feet through 
layors of sand (beach) and clay and found no good water. We found 
quantities of 'sulphur stones' and particles of decayed wood or bark of 
trees, some of these an inch long and one-half inch thick. ThCNPolUM 
heen welKs i)ut down near our village (Hempstead) about thn^.j 
feet, some of them have been flowing wells. The water 
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(or abnut a htindred aod twenty-five feet, aod then the water wuuld not 
be ao good.'' This Btatement of Mr. Cnrman is all the more interesting 
at prefleot as Mr. N. H. Darton of tbe U. S. GnologicHl Survey, almady 
leferred to, seems contideot that an unlimited supply of water i:bii be 
foUDi] from those subterraDoan sources. 

The natural reservoir rises only to the level of the ocean, and reaches 
donn to the clay bottom underlying the sand and travel. These clay 
beds, however, as Mr. Li^wia hns shown, are not very uniform and are 
found at various depths. In the Wr>odhaven well, near Jamaica bay, a 
layer of bluish clay containing pebbles, was struck at the depth of 247 
feet, while according to Mr. Carman's statement a seam of blue clay 70 
feet in thickness was encountered in the Barn nm 'a island well at the 
depth of 5r> feet. Very little water was found in theae clay deposits. 

It iseDcoursging to find that the attention of the U.S. Geological 
Survey has been directed toward our little isle by the sea, for she seems 
to have been sadly neglected in the past. Jt is to be hoped that a thor- 
ough examination will be made, not only of the subterranean water 
sources at present in force, but of the old water ways that played such 
«n important part not only in the formation of the Hempstead plains, 
but in the building up of the whole island. JoHw Bbyhon. 

Ecutporl, Long Island, N. Y. 

The NiPiasiNO-MnTTAWA River, thb Octlbt of the NiPissiNa 
Great Lakes.* When the waters of lakes Superior, Michigan, and 
Huron were making the Nipissing beach, their outlet was eastward over 
the Nipissing pass at North Bay, Ontario, to the Ottawa valley. This 
outlet river is called the Nlpisaing-Mattawa river and the three upper 
great lakes of that time are called the Nipissing groat lakes. Mr. G. K. 
Gilbert visited North Bay in 1887, Prof. G. F. Wright in 1892, and the 
writer ciplored some ol the ground at North Bay in 1893, and more, 
with a visit to Muttawa, in 139.'>. Ijust autumn a canoe trip of aix days 
in fine weather waa made from the head of Trout lake to Mattawa. thus 
covering the whole length of the Mattawa valley. 

The Nipinsing beach is well devclo[MM:) at North Bay at an altitude of 
About 700 feet above sea level. Un the present col at North Bay the old 
outlet bed ia somewhat over a milt wide, .30 to 35 feet deep at the max- 
imum and perhaps half that on the average. The average here, however, 
is not easy lo get. for there was an archipelago on the south side, and 
not much is known as to the number and capacity of the old channels 
between the islands. The first swift water of the ancient outlet was at 
the foot or east end of Trout lake about 12 miiea east of North Bay. 
The Nipissing beach though faint can be followed to the foot of Trout 
lake. 

The effects of the flowing current of the ancient outlet river are well 
mtrked at several points. The places of several ancient rapids and one 
^Mtaracl were found. The cataract was at the proacnt Tiiion chuti' and 

"* tonr inost notable rapids were (1| below Turtle lake. (S) below a lake 
11 Waaliiugtim, Di«emb*r, 1!»9. 
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called Pimisi bay, (3) at the modern Dob Epincs rapids, and (4) at Mat- 
tawa. The falls were 25 to 30 feet high and the postglacial gorge made 
by them is very distinct. It is not quite half a mile long, but it is deep 
and averages only about 30() feet in width. The walls are of red granite 
and vertical 40 to 100 feet. A thin and highly inclined bed of crystal- 
line limestone, passing down into the gorge from the west, may have 
hastened the cutting somewhat. The ancient river was expanded to a 
lake in the lake Talon basin, and made faint but distinct shorelines by 
wave action. One is 20 feet above the present lake and the other ten or 
twelve feet higher. The mark of the surface level of the river was 
quite plain at some of the rapids. On the north side at Des Epines rap- 
ids this mark is r)5 feet above the present river. The channel at that 
level was between GOO and 700 feet wide and averaged 35 to 40 feet in 
depth, and the current was strong enough to move gravel and pebbles 
of small size. This corresponds in a general way with the size of the 
modern St. Clair river. 

Ancient rapids were recognized in three ways. There are several 
narrow paasages that are heavily l)owlder-paved. They mark the points 
where moraines cross the channel. At Des Epines and Mattawa the 
bowlders of gneiss and granite are worn and scoured into many curious 
forms. Many were found with basins or potholes bored in them and a 
few borcjd clear through so as to become ring-bowlders. At each of these 
rapids a stream enters just above and furnished a constant supply of 
grayal, tan(J and pebbles for the current to roll over and among the 
bowlders. The rapids below Turtle lake and Pimisi bay are of the same 
sort, except that the water issueil from lakes, and so had no supply of 
gravel to scour with. The third way of recognizing rapids was by in- 
ference indirectly. Such rapids were in narrow detiles or canyons with 
wallB of bare rock and the fact that rapids had existed there was infer- 
red from the observed drop in the surface level of the river above and 
l)elow. The remains of the Nipissing-Mattawa river agree with the Ni- 
pissing beach in indicating that the Nipissing great lakes endured for 
a relatively long pericxl of time. And so long as it lasted, Niagara had 
only the discharge of lake Erie. A detailed account of the scoured 
bowlders apix?arcd in the March number of the American Journal of 
Science. F. B. Taylor. 

*'Thk Term Pecatonica Limestone." In his article on the **No- 
menclature of the Galena and Maquoketa Series," in the May number 
of this journal. Dr. F. W. Sardeson refers, in somewhat sarcastic lan- 
guage, to my application of the term "Pecatonica limestone" to that 
portion of the stratigraphic series of northwestern Illinois which is des- 
ignated the >*Buff limestone" in the reports of the Illinois geological 
survey. He remarks of it: "A new name the use of which scarcely ac- 
tx>rd8 with scientific ueage, since that author neither detines the term 
F^catcnica UmestODe nor seemed to have any reason for introducing a 
new name; He was discussing an entirely distinct subject and so far 
li be had no more occasion to introduce a new name for a 
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part of the Ordovician, than one who is writing on the Ordovician would 
have to suggest a new name for some part of the Pleistocene." From 
the above language and a foot note, I infer that Dr. Sardeson had in 
mind only a use of the term in a table of bed-rock formations in a paper 
published in the August, 1896, number of the American Geologist. 
Without defending the use of the term, the retention or rejection of 
which is a matter of indifference to me, I desire to call Dr. Sardeson 's 
attention to the fact that it was first used by me in a paper on •*The 
Elk Horn Creek Area of St. Peter Sandstone in Northwestern Illinois," 
which appeared in the September, 1894, number of this journat The 
paragraph in which it is introduced is as follows: "T/je Buff limestone. 
This underlies a narrow strip skirting the sandstone on its southern and 
western side. It is moderately thick bedded, buff or light brown dol- 
omite, argillaceous, and nearly free from fossils. Its thickness is about 
20 feet, thinning out to the northeast. It passes, by insensible grad- 
ations upward into the Blue limestone and do'wnward into the St. Peter 
sandstone. Hence its lower portion is very sandy and sometimes shaly. 
Its designation as Buff limestone is deceptive, for under cover it ts just 
as frequently blue as the Trenton above it. Perhaps the term Pecaton- 
ica limestone would be more appropriate, as it is best exposed in the 
Pecatonica valley, near the Wisconsin line, and northward." Again 
several pages farther: (e) Deepening of the sea and the formation of the 
Buff or Pecatonica limestone, accompanied by a slight elevation in the 
north-eastern portion of the area, forming a small island.'' 

If there is anything unscientific in the use of a geographical name as 
an application to a local phase of a formation commonly known as the 
**Buff limestone," whereas in this district it is the thinnest of four dis- 
tinct *'buff limestone" formations, is oftener found to be light gray and 
blue-gray than buff in color, and at the time of the preparation of the 
paper quoted from, did not seem to the writer to be capable of demon- 
stration as an exact equivalent of a properly designated portion of the 
Btratigraphic series of any other state: I repeat, if this is not in accord- 
ance with the customs of geological students in the Mississippi basin, 
I desire Dr. Sardeson to especially call my attention to it. The name 
was originally intended to be applied chiefly to the limited district then 
under investigation, and even then only until it would become appar- 
ent that some other designation of a proper nature for use in this dis- 
trict, has priority. I think it probable that under this rule, it will final- 
ly have to be known as the * 'Joachim limestone." 

Freeixtrt, III. O. H. Hershey. 
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Dr. Persifor Frazer, at the expressed wish of the late Dr. 
E, D. Cope, has assumed temporarily the managing editorship 
of the American Naturalist. 
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The 8AND8TONE DIKES OP THE Ute Pass, Colorajoo. Accord- 
ing to W. O. Crosby these dikes contain material derived 
largely or wholly, from the lower portion of the Potsdam sand- 
stone of the region. They accompany the Ute Pass fault. 
Lithologically they are like that sandstone, and not like the 
later sandstones. The fault itself was probably not complet- 
ed till post-Cretaceous time, but it may have been begun at a 
much earlier p'.>riod. The Potsdam sand entered the coUat- 
teral fissures along the fault, because of its immediate super- 
position, and that relation also excluded the later sandstones. 
(Bui. Essex Inst., xxvii.) 

New York Academy of Sciences. Section of Geology, 
May 17th, 1897. The first paper of the evening was by Mr. 
D. H. Newland, entitled "Occurrences and Origin of the Ser- 
pentines near New York." 

Mr. Newland spoke of the occurrence of the 8eri)entine8 in the vicin- 
ity of New York, and classified them according to origin into two prob- 
able divifsions; one including those from New Rochelle and HoV)oken, 
possibly derived from metamorphosed igneous rocks, and second, those 
from other localities more probably derived from some form of seiliment- 
ary rock. 

The second paper of the evening was by Prof. J. F. Kemp, 
entitled "Notes on Butte, Montana, and its Ore Deposits." 

Professor Kemp described the geological position of the copper and 
silver bearing ore rocks of Butte, and illustrated his talk with a number 
of lantern Blides made from photographs in the region laHt summer. He 
spoke particularly of the geological succession exhibited in the relation- 
ship of two forms of granite, an earlier basic and a later acidic, cut by 
later rhyolite flows. 

The third paper was by Prof. Kemp, entitled "Notes on the 
Geology of the Trail from Red Rock to and beyond Leesburg. 

Idaho.'' 

This paper brought forth the first account known of the geology of 
about 100 miles of the trail mentioned, where the rocks are very varied 
in character, but mostly early Cambrian quartzites, together with many 
igneous rocks including Tertiary rhyoiites. The ore producing region 
is found in the valleys where the gravels are washed in some places by 
hydraulic force and some gold gained therefrom. 

The last paper of the evening was by Prof. C. A. Doremus, 
and was illustrated by a series of specimens recently received 
from France from M. Moissan, representing certain of the met- 
als and carbides formed by the electric furnace. Some of 
these were very interesting geologically, because of their pe- 
culiar properties ; particularly the carbonates of aluminum, 
calcium and cerium, which latter, when treated with water, 
produce all the gaseous series from marsh gas to the heavier 
petroleum products. The specimens exhibited are for final 
placement in the National Museum in Washington, D. C. 

Richard E. Dodge, Secretary. 
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CHARLES THOMAS JACKSON. 

By J. B. Wuodworth, Cambrulffp, Mass. 
(Plate IVl. 

Charles Thomas Jackson, the first state geologist of Maine, 
Rhode Island, and New Hampshire, was born in Plymouth, 
Mass., June 21st 1805, the son of Charles Jackson, a merchant 
of that historic town by the sea, and Lucy Cotton, his wife. 

To which of his parents, if to one more than to the other, 
the youthful Jackson owed his taste for scientific investiga- 
tion and the grown man his genius for fruitful suggestion, it 
can not be stated with certainty ; but it is believed that his 
ready memory was a gift from the Cottons. 

Dr. Jackson's education and early training were of that lib- 
eralizing kind, gained in the attainment of medical lore, 
which has given to American science so many well-known 
names. Before the period of the professional scientific schools, 
an opening to the career of an educated naturalist and geolo- 
gist was more largely through the study of medicine than by 
any other means. Medicine alone recjuired at that time an 
acquaintance with laboratory methods in chemistry and an 
intimate knowledge of physiology or natural history. He be- 
gan the study of medicine under the private tutorage of I)rs. 
James Jackson and Walter Channing, who prepared him for 
to the Harvard Medical school. He graduated as 
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doctor of raedicine in the class of 1829, having received the 
Boylston prize for a dissertation on Paruria Mellita, 

The young physician had already manifested his predilec- 
tion for the inanimate world. It is stated that his interest in 
mineralogy was aroused, while staying in Lancaster, Mass., 
by finding the crystals of made or chiastolite, which there 
abound in the glacial drift. Even before his graduation in 
medicine, he had in the summer of 1827 visited Nova Scotia 
with his friend Francis Alger, for the purpose of collecting 
minerals and making observations upon the geology of that 
province. He had also, partly for the benefit of his health, 
tramped through New York and New Jersey, ^vith Baron Led- 
erer, McClure, Say, Lesueur, and Troost, men whose acquaint- 
ance was apt to foster an interest in natural history. In the 
summer following his graduation, again accom[5anied by his 
friend Alger, Jackson went in a chartered vessel to Nova Sco- 
tia to continue the examination they had already begun. 
The results of these excursions formed his first published work. 

Evidently with the intention of fitting himself for a high 
place in the profession for which his tutors had prepared him, 
Jackson, in the fall of 1829, went to Europe. He studied med- 
icine in the University of France, attending lectures in the 
Ecole de Medicine, the College de France, and the scientific 
lectures of the Sorbonne as well as those on geology given by 
De Beaumont in the Ecole Ro3'ale des Mines. With this distin- 
guished geologist he formed a friendship which lasted many 
years. 

In 1831 Jackson walked through a large part of southern 
Europe, visiting the principal cities. His route took him 
through Switzerland, Piedmont, Lombardy,* Tyrol, Bavaria, 
and Austria. In Vienna he performed autopsies with Drs. 
John Fergus of Scotland and Johannes Glaisner of Poland, on 
about two hundred patients who died of. the cholera in the 
hospitals of that city. Thence he went to Trieste, Venice, 
Padua, Florence, Rome, and Naples, at which latter place he 
witnessed an eruption of Vesuvius. Going thence to Sicil}'-, 
he ascended Etna, and then made a study of the Li pari is- 
lands. While in France he had not neglected to examine the 
volcanic district of Auvergne. 

Dr.. j[ajdpw)n returned to America in the same ship with 




Charles Thomas Jackson, — Woodworlh, 71 

Morse, the patentee of the magnetic telegraph, to whom there 
is some reason for believing Jackson gave important help in 
his experiments. Once again in Boston, Jackson began the 
practice of medicine, but finding his services in demand as a 
chemist and mineralogist, he gradually and not against his 
inclination, entered upon a career in these j)ursuits. He is af- 
terward said to have expressed some regret that he spent so 
much time in the study of medicine. 

The report on Nova Scotia had already given Dr. Jackson 
a name as a geologist and mineralogist. The movement for 
geological surveys which had led to good results in sev- 
eral (»f the Sfa-board states came in due time tr> arouse public 
interest in the little known region of Maine. The attention 
of Americans was also called to the importance of the frontier 
of this state by the claim of Great Britain to more than ten 
thousand square miles of that tract, the cause of a dispute 
which was finally settled by the treaty of Ashburton in 1842. 
It served at the time, probabl}', to stimulate the legislature 
of Massachusetts to co-operate with that of Maine in the 
survey of the public lands owned by the former state in the 
latter's territory. As a reminder of the former dependence of 
Maine upon the Bay State, we find duplicate repeats of the 
survey, which Jackson was now called on to make, addressed 
to the governors of these two States. 

Jackson spent the years 1837-1839 in this work. Without 
maps for most of the area, other than those made by himself, 
he traversed the country on lines intended to alford him an 
idea of the dominant features in the topography and geology. 
His reports set forth the places he visited, the sections he 
studied, and the names of the owners of the quarries and pro- 

• 

spective mines whom he either discouraged or helped by his 
advice as the circumstances seemed to him to warrant. We 
find him making a careful stud>' of the intersection of dikes 
to determine their relativ(» ages, and entering upon generaliza- 
tions with regard to the systems of intrusion. Everj'where 
he was on the outlook for some economic advantage which 
might accrue from his labors to the state, showing in this the 
peculiar trait of the American geologist under the employ of 
the public. Many details were recorded evidently for some 
future use. the author not disdaining to present them because 
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they did not lead up to eoine conclusion which it was his en- 
deavor to maintain. "Let us then" he states, ^'carefully record 
all facts which we discover, and look confidently forward for 
some useful result." 

It was not without some exhortation that the people of 
Maine were induced to continue the appropriations long enough 
to complete the cursory survey which Jackson planned to per- 
form. Among other inducements, there were lectures on geolo- 
gy given before the legislature, of which reports appeared 
in the Kenebec Journal for 1838. In fact he appears to have 
experienced the usual tribulations meted out to a state ge- 
ologist. 

This state has been surveyed once since Jackson's time, 
but our knowledge of its geology is much less complete than 
is that of many thousand square miles of western wilderness. 

Jackson had scarcely brought to a finish the survey of 
Maine before he was engaged by a committee appointed b}' 
the legislature of Rhode Island to undertake a geological 
and agricultural examination of that state. Two thousand 
dollars were appropriated for the purpose of defraying the 
costs. The contract was made in April, 1839, and on May 
25th 1840, the manuscript of his report was tendered for pub- 
lication. One thousand copies of the report were issued, be- 
ing the lirst and last official account of the natural resources 
of the Island state. 

From an examination of the report it appears that Jack- 
son made long excursions out of Providence, visiting the 
principal towns and traversing the important rock groups so 
as to obtain general cross-sections of the area. The knowledge 
he thus gained of the geological distribution was fairly accu- 
rate. Tlie Carboniferous rocks were separated from the crys- 
talline and igneous rocks on the west and several minor sub- 
divisions in these latter were introduced upon the map. It is 
only within recent years that geol(»gists have recognized in the 
''primary'' rocks of this report infolded patches of probably 
Carboniferous rocks. 

Everywhere, Dr. Jackson came in contact with the people 
a^: was his wont in the examination of Maine. Hie report iS 
a digest of his journeys with the elaborated retulto of hismiml* 
vses of tlie minerals and soils of the etate* 
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It was hii; method to give strictly scic-ntillc h» distinguished 
from economic geolog'y in the introduction of his reportB. It 
will be worth oitr while to examine the introdiietion of the 
Rhode Island report Domewhat at length, sinee the author has 
brought together there some of his concepts of the theory of 
geology. 

It is clear from a perusal of this chapter that he was not 
an advocate of biological methods in geology. Hin predilection 
for chemistry and mineralogy maniTestly made geology for 
him a niineralogictil rather than e. strHligraphical science, 
and the peculiarly crystalline character of the rocks of 
Hew England fostered this view of geology. "It must be 
evident," he states, "to any one conversant wiih modern geo- 
logical works, that they are frequently very deficient in cor- 
rect raineralogical descriptions of the rocks, while great stress 
is laid upon the accidental fossils, which ihey contain. Zoo- 
logical and botanical characters are certainly of great value 
and importance, but they are not so decisive, respecting the 
age of a deposit, as the order of superposition of strata and 
the minerulogieal composition of the rock itself." We shall 
see presently how he was misled by his reliance upon minera- 
logical charactere and through the setting aside of the plain 
evidence of recogni/.able fossils. Hat we should judge him in 
this matter by the standard of "the r()rties" when the system of 
Werner had yet ito advocates among the highest in the ranks 
of geological science. 

It was in the ca^e of (he Khodc Island Carbonifenius that 
Dr.Jackfon gave way to the prevailing misconception of the 
meaning of meiiimorphisni in its application (o the problem 
of time. From the fossils contained in the coal meHsuris, lit- 
inferred that the Ireds were of fresh- water origin, "either from 
lakes or from the estuary of some aixrient river," an opinion 
which the writer l«:lievi-s abundantly conKrnied liy the most 
recent studies in this area. He recognized the likf-ne^s of the 
flora of these nicks to that of I'ennxrivania and Xova Scotia 
and to tfae Carboniferous plants of New l(runswii-k, Kngland 
and France, yet he rejected this evidence in lixing tin- age of 
th« bt-di- "From the fossiU alone," he writei. --a (geologist 
would claims the graywacke rocks of Kho<te I-li>nd with the 
ilMlarv formations, and make them identical with the coal 
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measures of England; but it will be difficult for any one who 
examines the order of superposition and the structure and 
composition of the rocks themselves to support such an 
opinion." 

The Carboniferous rocks in the area in which he studied 
them present strong schistose and gn'eissoid phases, in places 
quite as well marked as in the region of his primary group. 
Crystals of garnet, andalusite, ottrelito, magnetite, and other 
metamorphic minerals, the most significant of which were ob- 
served by him, distinguished the matrix of these plant-bearing 
strata in a marked way from the coal fields of the standard 
sections. Because they were metamorphosed, he believed 
the rocks to be older than the Carboniferous of Europe. Had 
he seen -the Massachusetts extension of these rocks, he would 
have found less evidence of this change. 

But whatever bias Jackson may have displayed in crediting 
to mineralogic features values which he denied to biologic 
evidence as indices of relative age, he evinced a keen sense of 
the local geologic conditions. His understanding of the struct- 
ure of the highly folded and metamorphosed rocks of the Car- 
boniferous in Rhode Island has for half a century been little 
improved on by others. 

He seems to have considered a numerical division of the 
groups of strata preferable to *'any of those fanciful names" 
which took the place of Werner's Transition series. **It is 
evident," he adds to this expression of his choice, *'that the 
names Cambrian and Silurian proposed for certain groups in 
England, will never be regarded in this country, as appropri- 
ate terms for our rocks." The old name was good enough for 
him, and so he wrote, *'I therefore adhere to the name Transi- 
tion as originally applied." 

Though primarily an investigator. Jackson was at the same 
time and in his own way a teacher. The introductions to his 
re])orts are brief text-books of the science as he understood it. 
Even the pedagogical question of the order of presentation of 
geologic phenomena is debated with the reader, and in op- 
position to the then prevalent practice of English geologists of 
beginning with the phenomena of to-day and going downward 
in the rock history, he intlsts on the advantage of the ascend- 
ing order, inasmu<dMriHMi| forth the antecedent. eircum- 
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stances of each succeeding series of sediments and products 
of change. 

Like Noah Webster, he made use of liis wanderings in the 
rural districts to disseminate his views, and while one thus 
attempted a reform in the spelling of New England the other 
sought to improve the relations of men to the earth. 

This report like the others from his pen was addressed t(» 
the people in language which they understood. His was not 
the task of the geologist detailed to report upon an uninhab- 
ited terrane, who writes for readers who know the area sur- 
veyed only through the medium of the printed page and the 
topographical map. His reportcould convey no description of 
the landscape to those mostly interested in it, for they knew it 
better even than he did. It was in the economical and agricul- 
tural side of his investigations that appreciation was to be be- 
stowed on his work. The vast resources of the West were not 
yet made known. The soils and bog ores of New England still 
presented possibilities for agriculture and for industries which 
led the small landowner to entertain hopes which the succeed- 
ing years of national exploration and discovery have ever since 
proved false. 

His Rhode Island report is embellished with some of the lore 
of the country folk. Just as Herodotus upon his entrance into 
Scythia was shown, among the curiosities of that country, the 
footprint of Hercules near the Tyras, so Jackson (*n going into 
Rhode Island had pointed out to him as the natural wonder of 
the land the Devil's foot-prints on th<' sandstone-gneiss ledgee 
near Wickford,-pits of differential weathering which remain 
to this day the common knowledge of the Rhode Island-born. 
Not to have incorporated this legend would have rendered the 
report of the state geologist incomplete. 

In his geological w<»rk, Jackson saw everywhere the effects 
of igneous causes. He attributes the tilting of strata at Mi- 
antonomah hill near Newport tc» subterranean fire. He notes 
the crystals of magnetite in the paste of the conglomerates at 
Purgatory and regards their ocrurn-nce '"as an absolute proof 
of the agency of fire, which has fuj^ed the cement and crystal- 
lized the oxide of iron." Once only do we find him tripping 
in his field observations in thi^ survev. The wave-washed 
ebasin in theconglom^^rate ledge at Purgatory, he makes the 
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site of a dike, ''a small portion only remaining in the south end 
of the rent, to attest its former presence." The chasm, it has 
since been determined, is undoubtedly due to the removal of 
more finely jointed rock lying between master joints in the con- 
glomerate. 

Jackson even extended his views of igneous causes to the 
explanation of gneiss, thus anticipating the conclusion though 
not olferring the basis for it. which later investigators have 
worked out with the aid of the microscope. He regards gneiss 
in one stage of his work as the rapidly cooled crust of granite. 
Mica-schist he admits may be of metamorphic origin, that is 
in the L3'ellian sense. In explaining the amphibolite of the 
pre-Cambrian area of Rh(»de Island, he states, **I am of the 
opinion that it derives its occasionally stratiform structure 
from an admixture of argillaceous slate rock through which 
it was elevated, or that the hornblende rock has partially 
fused and assimilated the superincumbent slates," But here 
he appears to have taken a hint from De la Beche, who held 
to a similar hypothesis. 

In common with the elder Hitchcock, Jackson recognized 
in southern Bhode Island a group of clays and sands older 
than the very latest drift phenomena, but he included with 
these deposits the extensive sand-plains which occur about 
Providence. Under a mistaken notion as to their origin, these 
beds were referred to the Tertiary period. It is now known 
that the sands and cla^s pertain to a succession of glacial de- 
posits, the Columbia and succeeding deposits of the Pleisto- 
cene. 

In the matter of geological forces, he was not strictly a 
Strabonian. In speaking of the disintegration of rocks, he 
considers '"the causes formerly in action vastly more energet- 
ic than they are now.'* 

The Rhode Island report was not yet completed when Dr. 
Jackson was appointed state geologist of New Hampshire, 
Sept. lOth, 1839. By the law which authorized this appoint- 
m(»nt, provision was made for one assistant, "who shall be a 
skillful analytical and experimental chemist." To this ofl9ee 
J. 1). Whitney was appointed in December, 1840, and served 
in the laboratory that winter. Subseqiumtly other assistants 
Wire employed. Although Jacks(HyHMM|h^My parted oom- 
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pHny at about thi? period of their careers, we shall find theiu 
shortly engaged in succession in the same geological field: and 
however mneh they may have differed eventually in opinion, 
it is worthy of remark that Jackson chose Wiiitney to bt liis 
first official assistant in his geological Riirveye. 

The four years from 1839 to 1843 were given to this survey, 
the final report appearing in 1844. Annual reportR were made, 
the form of whic^ is preserved in the final monograph. The 
title of this work bears the charneteristi^^ of the autliorV aim 
in the added words "with contributions towards the iraprove- 
mentof agriculture and metallurgy." The introductory chap- 
ter is, like that of the Rhode If'htnd rei>ort, inlerestiiig rciitl- 
ingto the student of American geology. InitJack)ion frees 
himself from the details of minerals and rocks as such und the 
localities in which they occur, in order to discourse upon the 
principles of geology, its nomenclature, and upiin the relation 
of the rocks of New Hampshire to the standards of the Euro- 
pean column. 

Neither at this early period nor later in his writings doe« he 
appear U> have become involved in the intricacies, cither pro 
or eon, of the Taconic question. This is probably for the ge- 
ographic reason that his field of investigation lay mainly to 
the eastward of the area studied by Ebenezer Emmons. Yet 
Emmons found his Taconic system in Rhode Island and 
also in Maine. From the latter state, he describes Nei-eites 
jncksoni, "a name," he states, "conferred from respect to my 
esteemed friend, Dr. C. T. Jackson." It appears also that 
Jackson in later years, as at the time his field work was cliuie, 
was not interested in questions of chronology. 

With singular conservatism, he retains in bold type in the 
New Hampshire report, the Werneriun "Transition" group as 
the best term in his opinion for rocks denominated Cambrian 
»nd Silurian by Sedgwick and Murehison. Yet there is noth- 
tng of intolerance or u wish to suppress their views. He gives 
theirnames place in the text and protests against their use 
nther than refuses to employ them. He strengthens his ar- 
guments advanced in the Rhode Island report, and remarks 
"Ihat we must regard these terms as merely provisional ; 
[for we cannot discover any relalionship between roeks furjQt-d 
■Mntorior to the creation of man, and the tribes who in com- 
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paratively modern times, happened to dwell upon the surface; 
nor can it fail to strike one as absurd, that the rocks forming 
a large portion of this continent and that of northern Europe 
should be called after the former inhabitants of a small tract 
of country in England and Wales. We object," he adds, "to 
the introduction of mere local names into general geology, 
and would prefer a numerical arrangement, when it can be 
generally agreed upon by the scientific inen of Europe and 
America. It will be better to adhere to the old groups, pri- 
mary, transition, secondary and tertiary, since these are uni- 
versally understood and convey with sufficient accuracy the 
ideas of their arrangement, while each group may be subdi- 
vided at pleasure, into as many strata as contain peculiar fos- 
sils.'' 

With this commendable project, not however without a lean- 
ing towards the Wernerian mineralogical school, Jackson was 
throughout consistent. 

In not one of the three New England states on which he by 
priority of his surveys had the privilege of placing rock names 
of his own choosing did he leave a local designation or fasten 
a system of stratigraphy differing from that previously known. 
His reason for not applying rock names seems to have depend- 
ed more upon his ideal of a geological nomenclature than up- 
on doubts in regard to the identity of important groups. It 
is soniewiiat remarkable to note him working in this manner, 
refraining at every step from a practice, which his contempo- 
raries west and south of the Hudson were following, mainly 
with success in New York state. But the conditions differed 
vastly on the opposite sides of this river. There was little 
incentive in Jackson's environment to make out a time scale 
for the rocks. The gnarled and topsy-turvy stratigraphy of 
eastern Massachusetts may afford a birth-place for a James 
Hall, but it will not rear him. He must be transplanted w^hile 
young and in'pressionable to a region of more orderly rocks 
tiian tiuit of Hingham. Jackson's mind responded to a ter- 
rane in which chomical. mineralogical, and structural questions 
predominate over the clearer facts of vertical succession, as 
pres(Mit(*d west of the Taconic range. 

In view of the complexity of New England geology and of 
the time at ills disposal for the elucidation of the intricate 
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problems of geological succession which have since come to 
light in this field, it must be admitted that the course pur- 
sued by Dr. Jackson in these state surveys was on the whole 
wisely chosen. To have attempted to make out a standard sec- 
tion with local names in accordance with the plan i)ur6ued in 
the neighboring statee of New York and Pennsylvania at this 
time or a little later would have proved disastrous. It was in a 
later period and in other minds that there grew up in this reg- 
ion, while the schistose structure was still regarded as akin to 
stratification, a classification of rocks whose ruins have hardly 
yet been cleared away in the search for the true order of events 
in this field. Jackson in New Hanipsliire as in the other states 
studied by him was seemingly content with setting forth the 
economic facts of his discoveries, and on the whole the task of 
the modern geologist in New England is made the easier by 
Jackson having denied himself the Edenic privilege of giving 
names to things. The right man in the right place and at 
the right time may bring out a standard classification for a 
state, a country, a continent, or for the world. But an attempt- 
ed system of this character, failingof adoption, locks up vo- 
luminous and often valuable reports under the rusty keys of 
a cumbersome and unknown terminology. 

Though a laboratory habitue, Jackson was particularly at 
this period an active field worker, and allowed no trifling bar- 
rier to stand in the way of his field inciuiries. It was in the 
progress of the New Hampshire survey that he dove to the 
bottom of a pond to find beneath the mud a deposit of iron 
ore whose presence was suspected there. This and other in- 
cidents of travel and simple adventure are written down in 
his report as interlarding to the technical results of his w- 
searches. 

In 1847, Jackson was appointed IT. S. geologist to rei)()rt up- 
on the public lands in the Lake Superior region. After spend- 
ing two field seasons in this work, he resigned, for reasons 
best known to himself and the then unfriendly authorities in 
Washington. In the company of Hon. David Flcnshaw, ex- 
secretary of the Navy, lie had previously made a visit to this 
district while employed in the New Hanij>shire surve^^ and 
found copper. He did his share in opening up this great (M>p- 
per region. There was incredulity in the East in regard to this 
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store of native copper. In a letter to the editor of Silliman's 
Journal, after noting a fifty-ton lump of copper, Jackson adds, 
"Those who were surprised that I recommended working mines 
for native copper, should come and see and they would believe." 

Important as were the economic results attained in this 
field by his labors, his views of the geological structure and of 
the succession, if properly understood at the present day, are 
not in accord with the most recent results obtained in that 
field. Foster and Whitney succeeded to the work in the cop- 
per region. They set aside the theoretical work of Jackson, 
and in turn their views have been displaced by later investi- 
gators. Such has been the history of progress in other fields. 

In the reaction from the doctrine of Werner concerning the 
basaltic rocks, the geologists of the middle years of the cen- 
tury just closing were largely blind to the evidence of igneous 
rocks which were not intruded but spilled out over the sur- 
face in the form of contemporary sheets. The enormous lava 
flows of the Keweenaw peninsula were regarded by Jackson 
as intrusive rocks capable of elevating the sandstones with 
which they are associated. It is only within recent years that 
the essential flow character of the trap masses in the upper 
portion of the Connecticut valley has been recognized. If 
Jackson n)ade a mistake in this matter, he has had able com- 
pany in the years that have passed. The age of the red sand- 
stones on the north side of the peninsula still depends upon 
local evidence of unconformity. Jackson seems to have con- 
sidered the rocks of Triassic age, agreeing with Marcou; lat- 
er he expressed some doubt. Now the rocks are placed by the 
U. S. geological survey between the lower Cambrian and the 
Huronian. But Jackson in later years thought that our red 
sandstones might be of very different ages. It is not probable 
that he attached much importance to the question of age of 
the Lake Superior sandstones. There, as in New England, it 
was the economic geology which interested him mostly. 

Before passing from this phase of Dr. Jackson's work, it 
should be stated that he was appointed one of the state geol- 
ogists of New York by governor Marcy, but resigned. He had 
also been called upon in planning the work of that survey. 

Jackson's work ae a state geologist came t(» an end with the 
first half of the century. Thence forward we find no abate- 
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ment of his interest in the science, though his work is more 
limited in its scope, being mainly mineralogical and chem- 
ical. His work in mineralogy was of a character to link 
his name in one way or another with several minerals. 
Masonite which he named and described in the Rhode Is- 
land report is regarded by Dana as an impure substance 
and is referred to chlorotoid. It was rather his own fault 
than professor Whitney's that Jackson's name is not 
borne by one of .the Lake Superior minerals. Jaeksonite 
was proposed by Whitney for a supposed hydrous prehnite 
from Keweenaw Pt. and Isle Royale. Dr. Jackson, with his 
accustomed method of procedure in such cases subjected this 
mineral to analysis and found that it was lacking in the re- 
quirement of wat^r, a conclusion with which Dana concurred. 

Jackson appears to have been the first to observe the occur- 
rence of tellurium and silenium in America. He was al«o the 
tirst to report amazon-stone (1859). His geological inquiries 
led him into the field of mineral genesis, and we find him bold- 
ly demanding a deepseated origin for substances then thought 
by many to be due to the selective action of organic life. Phos- 
phate of lime, he argued, is not necessarily of organic origin, 
since it is found in igneous dikes. For the same reason he 
concludes that phosphorus is an element in the interior of the 
globe. 

Perhaps his most important work in mineralogy was eco- 
nomical in its character. The emery mines of Massachusetts 
remain a monument, hollow and inverted, it is true, to his a- 
cumen in this field of research. As he himself states, this lo- 
cality was found b}' Dr. II. S. Sears, but it was Jackson's part 
to develop the real value of the locality. From the minerals 
already known there, he inferred the existence of emery and 
found it. Up to that time, a London banking house controlled 
the only workable deposits of this variety of corundum, those 
of the Grecian archipelago. 

His exploitation of the lean ore bands of New England de- 
served better success to himself and to land owners than have 
accrued in the years since traces of metals were discovered in 
this area. Numerous were the rumored occurrences of tin, 
gold, and other useful ores which he diligently ran down and 
investigated in hopes of their proving of industrial impor- 
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tance. Few of these finds proved little more than a stimulus 
for further search. 

Dr. Jackson was a fairly good naturalist of the old school. 
Neither zoologist nor botanist, he was an observer of animals 
and plants in life, to say nothing of his stowing and cooking 
th3m in his beakers and condensers after they were dead for the 
sake of the information they would then afford. Witness his 
observations upon the bream, the ale-wife, the sand-sharks of 
Nantucket, the Spongilla in the Brookline reservoir, the pink 
water-lily, the studies of the habits of the beaver, and the 
notes on the giant Sequoias of the Sierras. But he was par- 
ticularly acute in the detection of mineral matter, largely be- 
cause he was forever analyzing. He found traces of manga- 
nese in the waters of the middle of lake Superior; he found 
fluorine in the bony scales of certain fishes; and before the dis- 
coveries of Berzelius, althougii he did not name it, he detected 
humic acid in the soils of Rhode Island. Sometimes his dis-^ 
coveries were of more than scientific interest, as was that of 
emery just described in the still worked mines of Chester, 
Mass. 

Almost disdaining to trust to fossils in the correlation of 
the stratified rocks, particularly where metamorphism was 
present, he was a constant collector of fossil fishes and other 
forms met with in his field work. He even described several 
species of Pala?oniscus. Some of the Det»p River fossils des- 
cribed by Ebenezer Emmons, in his North Carolina report 
were collected bv Jackson. 

Jackson's scientific life for over a quarter of a century fol- 
lowing the period of his active duties as a state geologist, is 
an integral part of the history of the Boston Society of Nat- 
ural Historv, and the records of this institution afford a val- 
uable commentary on his ready information in various depart- 
ments of natural science. Elected vice-president of the society 
in 1847, and declining on account of impaired health to be 
made pri'sidi*nt in 1870. he was a faithful attendant on the 
niiM'tini^ji of this organization during this K»ng period; and 
was quite as often in the president's chair, as was the duly 
elected oiHeer to that post. Here Jackson brought the dis- 
coveries of his field and laboratory work and the ripened con- 
elusions of his earlier geological inquiries, finding among his 
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hearers Louis Agassiz, Jeffries Wyraan, T. T. Bouve, T. Ster- 
ry Hunt, and numerous younger men, among whom the n»mes 
of LeConte, Shaler, Xiles, Hyatt, and others are recorded in 
the reports of these meetings. 

On these ocassions, Dr. Jackson was ever ready with ques- 
tions and remarks elicited by the papers of others, when his 
own abundant labors were not the subject of discussion. The 
store of his ready information and the range of his interests 
and investigations are shown by the list of his remarks pub- 
lished in the biographical notes appended to this paper. 

To the geologist, the records of these gatherings atford a 
clearer insiglit into Dr. Jackson's views on many questions 
than do his special works upon area) geology'. His idea of the 
origin of elongated pebbles in conglomerates through the shap- 
ing action of waves on a beach, his general denial of belief in 
the glacial theory of professor Agassiz, his disavowal of the 
derivation of igneous rocks through the fusion of sediments 
in the ultra-stages of metamorphism, are conclusions which 
find a place in these proceedings along with the propositions 
and rejoinders of his able associates. From time to time he 
made more im))ortant contributions to the publications of the 
society. 

Dr. Jackson did not always push his theories of geological 
phenomena to the fullness of conclusion and statement which 
would enable us at the present day fully to understand them. 
He had t(»o many irr>ns in the fire to do as he would with all 
of them. Here and there, as in the chance remarks of many 
of the older geologists, we find the germs of theories which 
have since been prominently advr>cated. In discussing the 
joints <»f the Roxbury conglomerates, near Boston, he antici- 
pates Crosby's elaborated thesis, by suggesting that earth- 
quake shocks might have b(»en the cause of the phenomena. 
He p(»inted out a criterion f(»r distinguishing ice-borne 
from water-transporteu detritus, the first remaining coarse 
up to the limit of di'^tribution, the second decreasing in size 
of the particles as the distance from the original source in- 
creased. This point has since been made out in the study of 
glacial phenomena in the Alps. 

Although an advr»cate of deformation of the crust by the 
agency of internal heat, he put forth the idea which in its 
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thoroughly qualified form we know as the doctrine of isos- 
tttsy. He recognized the effect of the shifting of load through 
denudation. He supposed that when the ditl'erence of level 
had become sufficiently altered to be adequate to overcome 
the resistance of the earth's crust a paroxysmal elevation 
might take place, with all the phenomena of an earthquake, 
as happened in China in 1884. 

Occasion has already been found for referring to his meth- 
ods of correlating strata. In all this and what follows, we 
must remember that immense strides have been made in the 
understanding of this problem within the lifetime of the 
younger geologists. Jackson simply reflected the methods of 
others when he was led by a question to state that he ''had 
sought carefully for inipressions of rain drops" in the Lake 
Superior sandstones, **for the purpose of identifying the age 
with that of the Connecticut River sandstone, but in vain." 

Metamorphism, if we may accept most of the references he 
makes to the subject as embodying his views, is the result of 
igneous action. Yet he thinks hot water under ocean 
pressure a satisfactory explanation of the making of the 
anthracite of Penns^'lvania. His explanation of gneiss has 
already been referred to. He did not regard water of cryst- 
allization in igneous rocks as proof of their original sedi- 
mentary condition. Fragments of slates in the granites of 
the White Mountains, he thought to be an occurrence irrecon- 
cilable with the view that the igneous rock was melted down 
sandstone and slate. His conception of igneous rocks was 
that which is held by the modern petrographer. Jackson be- 
lieved thoroughly in the intrusive origin of these rocks. He 
saw in them no signs of a previous clastic texture or strati- 
lied condition. 

Jackst)n's laboratory was a well known place. It was one 
of the first if not the first of chemical laboratories in this 
country to rec<'ive students. His reverend friend, Dr. Bartol, 
who was a frecjuent visitor there, tells an anecdote of the 
plac(\ ••One day," so Jackson told him, *'a countryman came 
in with a liandkerchief full of those yellow blocks called iron 
p^n'ites, saying he had found a gold mine on his farm, and 
would not take no for an answer. The patient chemist held 
some of the little cubes in his shovel over a blazing fire tiUnA 
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the sulphur was disengaged, and then, putting the smoking 
mass under the farmer's nose, asked him what that smelt of. 
'/^c//,' .was the somewhat hasty reply." 

Jackson was a genius. He had the inventive faculty; the 
hahit of incessant investigation; the capacity of getting 
tangible, fruitful results; and the ability to suggest success- 
ful expedients to others. Geologists think of him as a geolo- 
gist. He had other callings. At the end of his manual of 
Etherization of 1861, we find his card. 

CHARLES T. JACKSON, M. D., 

State Assayer, 

analytic and consulting chemist, 
mineralogist and geologist. 

House and Office 32 Somerset Street, - Boston. 

Be Beaumont* wrote of him in 1852 as "bien connu par pes 
travaux sur la geologic de plusieurs parties de TAmerique du 
nord et plus celebre encore par son important deeouvorte de 
TEtherization." In the public garden at Bof^ton is a statue 
erected to the discoverer of the use of ether as an anafsthetic 
in surgery; but no name is hiscribed thereon. That blank 
marble tells nothing of the mental anguish and of the closing 
days of the rival claimants for the honor which the distin- 
guished author of the Pentagrmal Network unr|UHlifiedly 
gives to his friend Jackson. The arguiuf^nts of the* famous 
**ether controversy'' are nr»t germane to this sketch of Jack- 
son, the geologist. Jackson, it shr>uld be stated, was a claim- 
ant for priority of the discovery. The French academy of 
Sciences awarded him the honor. There w^-n- other claimants, 
Morton and Wells. It is stated that J>r. C. W. Long, a pliy?^i- 
eian in Georgia, performed surgical opfration- by the u-^- of 
sulphuric ether four years before it wa« «'rnploy«'d in Bo-ton. 
Some of the writing*^ on thi- -ubj^-rt of di^jHJt'* nr*' u^'wtu in 
the appendix. 

Dr. Jackson occa.-ionaliy ^av«- Iwtures on i^'-ology, a- at 
Lexington in 1855. Th*-?»e w^-re ^*ii<r;illy deliv*nd from 
carefully prepared raanu-cripr-. From th*- mariii-'TJfir of on*- 
of theiie lectures, we learn hi- vif- w- in r^H'tnl to tU'^lffu in tfi*- 

♦Tintiee war lea SyBtemefl fh- Mor.tai^^n'-n. p. '^fi. 
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world. " From nn attentive etudy of the structure of the 
earth," he etntee, "we cannot fail to discover that it has been 
made after a, preconceived plan, and that the highest wisdom 
ie manifested in the adaptation of the world to the usee of 
man." 

Scientific work mainly occupied the att«nti'^n of Dr. Jack- 
son until 187.^. Then hiBactivemindgaveway. The recovery 
for whifh his friends hoped never (larae; and on the 28th of 
August, 1880, after seven yearp of suffering, Dr. Jackson died 
in a department of the MasBachiieette General Hospital. 

Dr. Jackson is described by those who knew him as an en- 
thusiastic person, a ready conversationalist, even eloquent in 
his speech, and fond of telling stories. His friend, Dr. C. A. 
Bart'il, whose church Jackson uttended. suy^ of him that he 
"was simple as ii child and veracious like the sun." The con- 
troversies in which he became involved brought out his fight- 
ing qualities. "He was a man," states Dr. Bartol, "whose self- 
respect did not allow him to waive his own claim, and of 
course his attitude could not please those who were inclined 
to reduce them to the lowest point." 

He is reniembered as a rather large man, who might be seen 
in his laboratory absorbed in work and unmindful of his per- 
sonal appearance. The portrait reproduced in this sketch 
represents him as a young man. In a photograph taken later 
in life, the head appears more massive, theshoulders squarer; 
the beard covers more of the cheeks; the physiognomy exhib- 
its more firmness and something of complacency, for despite 
disappointments, Dr. Jackson received recognition and hon- 
ors for the share he had in the use of anHStheticsin surgery. 

Dr. Jackson was a member of numerous learned and scien- 
tific societies in his own country and abroad. The plain title 
page of his Rhode Island report makes known that the author 
is a Fellow of the American Academy; Uember Geol, Soc, 
France ; Memb. of Imperial Min. Soc, St Petersburg; Memb. 
Boston Society Nat. Hist. ; Cor. Memb. Acad. Kat. Boi., Phil. ; 
Lyseum Nat. Hist.. N. Y.; Albany Inst.; Nat. Hist. Soc., Mon- 
treal : Providence Franklin Soc. ; Hun. Memb. Maine Inst. Nat. 
Sci. He was also a member of Amer, Assoc. Geol, and Nat., 
of which organization he was chairman in 1845-48. Later he 
became Chevalier de la LegioD d'UoRnMUM^W||||uieU Or- 
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dine dei S. S. Muurizin e Lazzaro: Kitterdes Rrith^n Adler; 
Knight of tlie Tiirkisli Order of the Mejidich. Niinieroue 
other Bcientific and m<;dicul societies sought to honor him with 
membership in their organizationB. 

Dr. Jackson was married to Mips Susan Bridge of (:harlei>- 
town, Mass., on the 27th of February, 1834. Three sorb, two 
daughters andtiis wife survive him. 

BIBLIOGRAPHY OF DR. 0. T. JACKSON. 

Tbe follonuiK list includes such referen(»B as the author bns been 
able to find. A few fheniieal analyeee in the U. S. Patent ofHcc reports 
are omitted. Hont ot the artidee have been examined and the refer- 
ences verified, particularly those reliitinf; to gedlogy. A few papers 
cited in the Royal Society's catalogue or publiphed in the N'orth 
Americao Review and the Am. Jour. Apiculture, and others of a ciitt- 
trovereiftl nature have not been seen. A tew titles have been taken from 
Darton's Catalogue and lodex of Contributions to North Atnurican 
Geology, 1896, and from RubecH's Index to thi^ Literature of tbe NVwark 
System. WashiDgloo. 1893. 

In most cases the year is taken frf>m the title page of the work. In 
the case of tbe Proce«dings of the Boston Society of Natural History, 
beginning with October. 1843, the date of the signature at the )>i>ttom 
ot the page is consiilere<l to lie the real date of publication, and has 
been so taken in this list. In the case of several societies, the date of 
the title paice is trotu one to two years later than tbe dale of the a<;tual 
publication of parts anil tbe distriliulion ot reprints. 
1828-2». 

A description of tbe mineralotty and Rcology of a portion of Nova Sco- 
tia. (With Francis Alger.) Amer. Jour. Sci.. xiv. 1838, .Klo-.'tnO. With 
a g«oIogicBl map of a part ot Nova Soutia, and a si'ction. Cunt, in xv, 
1829, laS'ieO: 201 21T. 

18^. 

Beault« of autopsies of cholera victims In Euriipo. Ih>stiin Mi-d. and 
SurgicslJoum., IttSS. <Not seeu-j 

1««. 

Remarks on tbe mineralogy and (."^>lo)R'<>f Nova Bt.iitia. .\nier. AcmI. 
Mem., N. a., I. 1831 217 230. 4 ,,!« ■ "nJ "'■[' 'With \V. F. AlKer, 
Baviswed by C. Moion in The GeoloKiH!. l>.nd.,u. i. 1812, 301 .'i" "J. 'Not 

Notkeof tberpTolviDgelectrii-iuaKn''t of M. Piiii. .\uier. .lour. Mci.. 
zxiT, 14e-U9. 

i8:u. 

An HOouDi of the Chiastolit^ or Mai.-y of I^n'.'aHt^r. Owt'-ii Jvur. 
; l'rHdvken-jo'i;H'.'',r,ti'>r.r.<iE.t. 
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1837. 

Chemical analyses of mineral waters from the Azores.— Geyser water. 
Amer Jour. Sci., xxxi, 94-96. 

Chemical analyses of water from the Azores. — water called Aqua 
Azdda. Ibid., 96 97. 

Chemical analysis of Chrysocolla from the Halquin copper mines near 
Gibara, Cuba. Boston Jour. Nat. Hist., i, 206-208. (Read May 6th, 
1835.) 

Chemical analysis of three varieties of bituminous coal and one of an- 
thracite. — Orrel coal, Newcastle coal, coal from Frostberg, Md.; anthra- 
cite from Manstield, Mass. Ibid, 357-360. 

First Report on the Geology of the State of Maine, Augusta, pp. 128. 

(Plates xxiv in atlas.) 

ia38. 

Chemical analysis of meteoric iron from Claiborne, Clark Co., Ala- 
bama. Amer. Jour. Sci., xxxiv, 332-337. Also Bibli. Univ., xviii, 1838, 
386-388. Erdm. Jour. Prak. Chem., xvi, ia39, 239-243. Sturgeon. Ann. 
Electr., Ill, 1838-39, 563-568. 

Second Report on the Geology of the State of Maine, Augusta, pp. 
168. 

Second Annual Report on t/ie Geology of tlie Public Lands belonging 
to the two states of Massachusetts and Maine. House No. 70, Boston, 
pp. 93. Also Augusta. 

Miscellaneous remarks on certain portions of the geologfy of Maine. 
Amer. Jour. Sci., xxxiv, 69 73. 

Abstracts of lectures on geology. Kennebec Journal, 1838. 

1&39. 

Catlinite or Indian pipestone. Amer. Jour. Sci., xxxv, 1839, 388. 

Analysis of Catlinite. Am. Jour. Sci., xxxvn, 1839, 393-394. 

A new mineral (Beaumontite). Amer. Jour. Sci., xxxvii, 1839, 398. 
From Chessy copper mines, France. 

Third Annual Report on the Geology of the state of Maine, Augusta, 
pp. 276. Abstract Amer. Jour. Sci., xxxvii, 18;^, 376-380. 

Catalogue of geological specimens in the state cabinet, Maine, col- 
lected in the years 1&36, 1837 and 1838, pp. Ixiv. Appended to Third 
Annual Report; 15(36 entries. 

1840. 

Report on the Geological and Agricultural Survey of the state of 
Rhode Island, made under a resolve of Legislature in the year 1839. 
Providence, pp. 312. 1 map, 1 plate of sections. 

1841. 
Letter of, cited on nature of Greine, by Edw. Hitchcock. Final Re- 
port on the Geology of Mass., 1841. p. 55. 

Brief sketch of method of analysis of soils, prepared for Edw. Hitch- 
cock. Final Report Geol. of Mass., pp. 56-57. 
A new pocket map of the peninsula of Nova Scotia. (With Francis 
), Boflton. Cited by D'Archiac Hist, de Geol., viii, 608. 
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1843. 

Observations on yttro-cerite in Bolton, Conn. Abs. in Anier. Jour, 
Sci., xLv, 331. 

Remarks on the injurious effects of magnesia and hydrated peroxide 
of iron upon vc^aretation. Proc. Amer. Assoc. Geol. and Nat., Boston, 
1843, p. 12. Second session, Phila., 1841. Also in Abs. of Proc. Amer. 
Assoc. Greol. and Nat., first meeting in Phila., April, 1840, New Haven, 
1841, pp. 4-5. Also Amer. Jour. Sci., xli, 1841, pp. 159-160. 

Remarks on potash in soils. Proc. Amer. Apsoc. Geol. and Nat., Bos- 
ton, 1843, pp. 12-13. Second session, Phila., 1841. 

Remarks on an exhibit of fossils and minerals. Proc. Amer. Assoc. 
Greol. and Nat., Boston, 1848, pp. 14-15. Second session, Phila., 1841. 
Also in Abstract Proc. 1st meeting. New Haven, 1841, pp. 6-7. Also 
Amer. Jour. Sci., xli, 1841, lGl-162. Chkirophyllite, masonite, Sypho- 
nia, etc. 

Remarks on the fossil annelid trails in the slates of Water ville. Me. 
Proc. Amer. Assoc. Geol. and Nat. Boston, 1843, pp. lG-17. Second 
session, Phila., 1841. Also in Abstract Proc, first meeting, New Ha- 
ven, 1841, pp. 8-9. Also Amer. Jour. Sci., xli, 1841, pp. 16,3-164. 

Remarks upon the geology of Maine and New Hampshire, Proc. 
Amer. Assoc. Geol. and Nat., Boston, 1843, p. 17. Second session, Phila., 
1841. Published by title only. 

Remarks on granular or crystallized dolomite. Proc. Assoc. Amer. 
Geol. and Nat., second session, Phila, 1841. Boston, 1843, p. 24. Also 
Abstract Proc., first and second meeting, New Haven, 1841, p. 16. Also 
Amer. Jour. Sci., xli, 1841, p. m. 

Observations on joints in conglomerates. Proc. Amer. Assoc, second 
session, Phila., 1841. Boston, 184.3, p. 25. Also in Abstract first and 
second meetings. New Haven. 1841, p. 17. Also Amer. Jour. Sci., xli. 
1841. 172. 

Observations upon infusorial deposits under peat bogs at Ncwfield,Me. 
Proc. Amer. Assoc. Geol. and Nat., Boston, 184.3, p. 26. Also Abstract 
Proc, first and second meeting, New Haven, 1841, p. 19. Also Amer. 
Jour. Sci., xo, 1841, p. 174. 

Observations on the trap dikes of Nova Scotia. Proc. Amer. Assoc 
Geol. and Nat., Boston, 1843, p. 26. Also Abstract Proc, 1st and sec- 
ond meeting. New Haven, 1841, p. 18. Alscj Amer. Jour. Sci., xli, 1841, 
p. 173. 

Observations upon diluvial currents indicated by the iron ore of 
Cumberland, R. I., and made rock of Lancaster, Mass. Proc Amer. 
Assoc. Greol. and Nat., Boston, 184.3, p. 29. Alfeo Abstract Proc, first 
and second meeting. New Haven, Conn., 1841, p. 21. Also Amer. Jour. 
Sci., XLI, 1841. p. 176. 

Remarks on the constructitm of geological maps. Proc Amer. Assoc. 
GeoJ. and Nat., Boston, 184.3, p. .'i8. Also Abstract Proc, first and sec- 
ond meeting.New Haven, 1841, p. 31. Also Amor. Jour. Sci., xli, 1841, 

p. 18a 
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Remarks on the drift of New England. Proc. Amer. Assoc, Geol. 
and Nat., third session, 1842, p. 46. Also in Abstract Proc., New York, 
1842, p. 6. Also Amer. Jour. Sci., xliii, 1842, p. 151. "This country 
presents no proofs of the glacial theory as taught by Agassiz, but on 
the contrary the general bearing of the facts is against that theory." 

Description of pot-holes in Orange, N. H. Proc. Amer. Assoc. Geol. 
and Nat., third session, 1842. 1843, pp. 48-49. Also in Abstract Proc, 
third annual meeting. New York, 1842, p. 9. Also Amer. Jour. Sci., 
XLIII, 1842, p. 142. Pot-holes over 1000 feet above sea-level. 

Exhibition of a specimen of meteoric iron containing chlorine from 
Claiborne Co.. Alabama. Proc. Amer. Assoc Geol. and Nat., third 
session, 1842. Boston, 1843, p. 62. 

Description of the tin veins of Jackson, N. H. Proc. Amer. Assoc. 
Greol. and Nat., Boston, 1843, pp. 316-321. Also in Abstract Proc, 3d 
Ann. meeting, p. 23. Also Amer. Jour. Sci., xliii, 1842, p. 168. Min- 
erals found in association with tin ore: remarks on the theory of the 
formation of tin veins. 

Remarks on zinc, lead and copper ores of New Hampshire. Proc 
Amer. Apsoc Greol. and Nat., Boston, 1843, pp. 321-322. 

Remarks on the drift. Fourth session, Amer. Geol. and Nat., at Al- 
bany, N. Y. Also in Amer. Jour. Sci., xlv, 1843, pp. 320-323. Reiter- 
ates his objections to Agassiz^s theory. 
Proc. Boston Soc, of Nat. Hist., I'ol. /, J844. 

Remarks on acids in soils and peats, pp. 9-10. Detected crenic and 
apocrenic acids in soils and peats in 1839-40. Humic acid of Berzelius 
detected but not named in Rhode Island survey. 

On tin ore and chlorophyllite from New Hampshire, pp. 45-46. 

On inversion of strata at Mansfield, Mass, p. 62. 

On ore of antimony, copper, silver, etc, in New Hampshire, p. 90. 

On changes of the surface of the earth, p. 123. 

Remarks on the saline and other ingredients of Zea mays and other 
grains, pp. 123-124. 

On a buff -colored salt of lead from maple sugar, pp. 126-127. 

On the chemical properties of Indian corn, pp. 127-128. 

Analysis of the raspberry bush, p. 128. 

1844. 

Amer. Jour of Science, xlv, 1844. 

Report on the organic matter of soils. Abstract, pp. 337-340. 
Boston Journal of Nat. History , iv, 1844. 

Analysis of pink scapolite, and of cerium ochre from Bolton, Mass., 
pp. 504-506. 
Proc. Boston Soc. Nat. Hist,, i, 1844. 

Remarks on Lieut. Fremont*8 report of his exploring expedition to 
the Rocky mountaiiw, p. 161. 

Description aod aoalyslfl of yttrocerite, from Worcester Co., Mass., 
pp. 165-167, 

Deacnptk^Mt/UM/tttfKUat the pink scapolite of Bolton, p. 167. 
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On a vegetable fat from the western coast of Africa, pp. 171-172» 
Presentation of some lake Superior fishes to the society, p. 198. 
Final Report on the Geology and Mineralogy of the state of New 
Hampshire ; with contributions towards the improvement of agricul- 
ture and metallurgy. Published by order of the Legislature. Concord, 
N. H., 1844, pp. 376: 2 folded plates of sections: 1 uncolorcnl map: 8 un- 
numbered lithographic plates. 

1845. 
Abstract of Prxtceedings AmeHcan GeoUtgists and Xatnixilists, sixth 

Annual Meeting, held at Aeir Haven, Afrrih l*<-i6. Xetc Haven, 1845. 

Nature of minerals accompanying trap dykes which interrupt various 
rocks, pp. 28-31. Iron and copper pyrites described as contact minerals. 

On the construction of an improved mountain barometer, pp. 33-38. 

Separation of silica from plants, p. 44. From stems of reeds, rushes, 
straw and g^rass. 

Remarks on cancrinite. nepheline, eiseolite, and zircon, from Litch- 
field. Me., pp. 44-48. Gives chemical analyses. 

Chemical analysis of the Rosendale and Connecticut hydraulic lime- 
stones and cement, pp. 48-49. 

On the copper and silver of Keweenaw point, lake Superior, pp. 53^60. 
Cites Alex. Henry, 1809, Carver, 1796. No certain age given to rocks. 

Remarks on being appointed to preside at the New York meeting of 
the Amer. Assoc. Geol. and Nat., in 1846, p. 69. 
Proc, Boston Soc, Nat. Hist., vol. i, lf<44. 

Remarks on the Alabama meteoric iron, with a chemical analysis of 
the drops of a green liquid which exudes from it, pp. 207-209. 
Ibid., II, Jfi4>:f. 

Endorsement of W. R. Johnson's report on American coals, pp. 25 26. 

Remarks on Forbe*s travels in the Alps, p. .33. 

Abstract of a letter dated at Copper Harbor, lake Superior, Aug. 12. 
1845. on a bk>ck of native copper found on the lake shore 40 miles west 
of Keweenaw point, pp. 57-58. Gives details of copper near Fort Wil- 
kins. 

Views and majt, illustrative of the scenery and geography of \eur 
Hampshire. Bfjston, 4to, pp. 'J(f. 
Bull. Geol. Srjc. de France HI) ii, 1845. 

Sur le gisement de cuivre et d*argent natifsdesbordsdu lac Superior, 
pp. 317 319. Letter to M. de Beaumont, dated Dec. 24, 1844. 

Sur des marinites de geants existant dans un granite solide des en- 
virons de Canaan, etat de New Hampshire, en Amerique, pp. 319-.323. 
Extracted from Final Report, Geol. of New Hampshire. 

A report to the trustees of the Lake Superior Copper company by C. 
T. Jackson, M. D., 1845. B<»ston. pp. 19. (With plates.) Chemical 
analyses of ore; copper and silver veins on Copper river. 

1846. 
Proc, Boston .Soc*. Nat. Hist., ii. /*':/'<. 
On the importance of the science and art of mining, pp. 110-114. Gives 
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iibservatiiiDB upoD lake Superior copper district. Abstract in Amer. 
Jour. ScL, 11,1846,11811!). 

On copjier and zinc ores from Warren, N. H., p. 147. 

Remarks an a paper on the geology ol a portion of the Wbite Moun- 
tains, by profpSBur W. B. and H. D. Rogers, [in the Amer. Jour. Sci., 
May, 184G,) p. 147-148. Argues against melting of aand stones and slates 
in the foriiiation of the White mouotains; notes included fragmentB 
of slate in the granite. 

Chemical analyses of sand from the desert of Sahara, p. 170. 

On c<>pper ores from Coate's mine, Frederick Co., Md. , p. 185. 
Amer. Quart. Jour., Agric., iv, IHtH. 

Analyses of soils, pp. 320-238. 

Aualyoes. Sale of mineral lands, reports ot cotnniittees, 1845-46. (By 
J. H. Rolfo). 29th Cong., 1st seasion. m, No. 501, 1846. Cited by N. II. 
Darton. 

U. S. Patent Office. Letters patent, Nov. 12, 1846. ( . . . and W. G. 
Morton.) On Inhalation ot sulphuric ether. Copied in Boston Med. 
and Surg. Journ., xixvi. 1847, p. 196. 

MS. report on Coatea copper mine, near Libertytown, Frederick Co., 
Md. (MS. seen in Mrs. Jackson's possession.) 

1847. 

BotiunJotir.Nai.Hiiit.tV, iS4S. 

Chemical and Mincralogical fragments, pp. 4('5-412. (Signature prob- 
ably published in 1847.} Contains remarkaon the formation ot crystals 
of argentiferous mlena, by sublimation; assay of a specimen »t the 
crystallized arKentiferous galena from the cavern in Shclburne mine; 
composition of the bones, tusks and teeth of the maatodon; analysis of 
' the lK)nea of the great maatodon tielonging to Dr. John C. Warren; 
analysis of the tusk of a mastodon from Benton county, Mo.: analyeie 
of mastodon teeth from Benton county. Mo.; analysis of the sound ivory 
of mastodon teeth: analysis of internal portion of same tooth, the de- 
composed ivory; analysis of the ear-bone of a fish. 
Proe. Bosiow Soc. Nnt. Hut., it, 1S4H. 

Exhibition of cartilage from maatodon bones, p. 108. 

On the Tertiary of Maine, p. 213. Deposits from Luhec to Portland, 
now known to be Pleistocene. 

On analysis of anow at Boston, p. 317. 

On crystals of a bi sulphate of copper and zinc from cinders at Point 
Shirley,' p. 218. 

.■Vn experiment in the fusion of feldspar, p. 218. 

On cetacean vertebnt- from a clay stratum in Machias Me., p. 866. 

On palieimtology of the Diluvium of Maine, p. 2r(6. 

On copper frimi htki' Superior, pp. 2r)9-2tM. 
HosUiii Meiiivniiind Siiiyi>->ilJ<inriial, rx.Tri. 1847. 

Remarks on the discovery of etherization, p, 180, 




I Jnckson. — WooJicortk. 



Amer. Jour. Sci., v, 1^49. 

TraDBlation of a. tribute paid to American geoliiffiata by H. L. Bliu de 
BeaumoDt, in Lei^nBde Geologie Pratique, pp. 137-138. 

Tranalattoti of a circular addressed to C. T. J., as president of Assoc. 
Amer. Qeol. and Nat., io regard to a statue of Geoffrey St. Hilaire, pp. 

ve-taa. 

Ibid.,vi,184S. 

Discover; of Tellurium in Virginia, p. 88. From auHreraua vein in 
Whitehall, near Frederic kaburg. , 

A new method of extracting pure gold from alloys and from ores, p. 
187. Oxalii! acid and carbonate of potash metbod. Also in Eldinb'. 
New Phil. Jour., XLVi, 1819, 164166. 
pToe. Button Siic. Nal. HUt„ Hi, W.il. 

Remarks on Prof. Hare's experiments on tire-fliee, p. 8. 

Remarks on metamorphoeod rocka, pp. 19-20. Did not regard water in 
mioerals as proof that they were not of igneous origin. 

Observations upon the drift scratches on the Roxbury cimglomerate, 
p. 28. Fracture of the pebbleR runn N. 30 degrees E. 

Notc«on the solubility of gun cotton, p, 30. 

Remarks on a zeolite mineral from lake Superior, pp. 7077. 

1819. 
Amer. Jour. Sr.i., vii, 1849. 

Copper of the lake Superior region. *A Irtter lo the editiirj. pp. 380- 
2ST. Notes a 50-ton lump of copper. "Those who were surprised that 
I recommended working mines for native copper should come and Hf» 
and they would believe.'' 
Proc. Boston Soc. Sal. HM., in, Ihr.t. 

Observations on an oyster bank near Newcastle, Me., p. 88. 

Bemarks on the relative age of the .American continent, p. 88. <ron- 
sidered oldest on account of the granite shnwing marknof greafr age. 

Remarks on gold ore from Virginia, p. 1S2. First ri;|iiirt of Ti-lluriuiu 
and Silenium in .\uierica. 

Remarks on the structure of ice and glaciers, pp. 12t. ISfi. 

Remarks on fissurea in puddingstone of Roxbury, p. 1Z7. tf due to 
contraction, pebbles should dropout. Buggesteil that an '•arthijiiukif 
shock might have been the cause of the phenotnenon. Consid'-rrd tb<- 
paddingBlone anterior to the coal. 

Observations on the comparative i-ITKCtH of the Inhalation i.f iiitn.UH 
oxide and the vapor of chloroform and sulphuric etbrr, pp. VM-VXi. 

Report onthe geoI'Mjienl nnd minTal-^jii-nl Kui-ri-y ;f tl.f mimnit 
tandMO/theUnilfdStat-Ki,, 11.^ -lal.- x.f Mhl.i.j.t,,. f>. Imh: Si..r., 
aam»eBep»., .Hit CV,njfre.», M .Se.<.. /./. /. /■./■<, ;,/,. :m,.Vi:i, i:,.'. 
liV;. 
, l-j.'i't. 

Verniiculit'rof Miilbiiry. .Mh-h.. pp. l-J-Z IM. l:.,,„ 
■ ABsiysisby Ri'.-hard Ooiiwliry. 
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Boston Jour, Nat. Hist.j i% 1850. 

Anhydrous prehnite. Analysed Jacksonite, Whitney, and found the 
same percentage of water as in prehnite. Abstract in Amer. Jour. Sci., 
X, 1850, p. 121. 
Proc. Boston Soc. Nat, Hist., iiiy 1851. 

Remarks on the exemption of the primary formations from cholera, 
pp. 168-160. C. more likely to occur on recent and tertiary rocks owing 
to the character of the water drunk. 

The mirage of lake Superior of the months of July and August, 1847, 
p. 169. 

Remai^ks on k calamite from Bridgewater, Mass., p. 223. 
. Remarks on salt and carbonate of soda from the west, pp. 223-224. 

Analysis of water from a hot spring in the region of the Great Salt 
lake, p. 224. Reprinted in Amer. Jour. Sci., x, 1850, p. 134. 

Remarks on the plumbaginous mica slates of Vermont, p. 224. 

Remarks on Foster and HilPs opinion as to the age of the lake Super- 
ior sandstone, p. 228. 

Eulogium upon Dr. Martin Gray; p. 231. By title only. 

Analyses of three samples of white cast iron, pp. 232-235. 

Remarks on the desirability of examining a sandstone in the quarry, 
p. 241. Best test for resistance to weather. 

Analysis and description of Vermiculite from Millbury, Mass., pp. 
243-245. Analysis by Richard Crosseley. 

On a mineral named Jacksonite, pp. 247-248. **The purport of the pa- 
per was to show that Jacksonite is not a new mineral Mr. Whitney 

beibg present, stated that he had full confidence in the results of his 
own examination of the mineral in question, and he must still consider 
it a new mineral." J. D. Dana accepts Jackson's criticism. 

Remiirks on Prof. Rogers' theory to account for the origin of the green 
sand of New Jersey, p. 249. "The process would be similar to that of 
the drying of French green.'* 

Suggestion that bog iron ore combined with lime would be of agricul- 
tural use, p. 257. 

Remarks on an Aztec skull from Mexico, p. 260. 

Analyses of Algerite by Mr. Crosseley, pp. 278-279. 

Description and analysis of asphaltum recently discovered in New 
Brunswick, pp. 279-280. Asphaltum from Dorchester, N. B. 

Remarks on artificial minerals from slags of an iron furnace in Penn- 
sylvania, p. 282. Also in Proc. Amer. .A.ssoc. Adv. Sci. 

Remarks on the change of level of lake Superior, p. 292. 

Description and analysis of Tellurium ore from Whitehall, Va., pp. 
297-299. Also in Proc. Amer. Assoc. Adv. Sci. 

Observations upon the solution of lead and tin by Cochituate water. 
p. :299. 

Remarks on iron ore from the Allegheny river in Penn., p. 319. 

Remarks on the effect of concentrated sulphuric acid on minute algae 
and spores, p. 320. 

Remarks on tertiary deposits in Duxbury, Mass., pp. 323-324, p. 329. 
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A shark's tooth, a cetacean vertebra, lignite and a cast of a Tellina, in 
Marshfield in a clay marl over a green sand, 30 feet from the surface. 
Also Proc. Amer. Assoc. Adv. Sci., iv, 1851, p. 251. 

Remarks on pot-holes in N. H. and N. J., p. 324. Also Proc. Amer. 
Assoc. Adv. Sci., iv, 188-190. 

Some observations on the age of the sandstones of the United States, 
pp. 335-336. 

On crystals of Allanite, containing protoxide of cereum in Labrador 
feldspar at Franklin, N. J., p. 326. Also Proc. Amer. Assoc. Adv. Sci., 
IV, 1851, 324. 

Appointed a committee with Dr. N. B. Shurtlcff and Dr. Cabot, Jr., 
to memorialize Congress on the subject of attaching a corps of natural- 
ists to the Mexican Boundary Commission, p. 326, 330. 

Observations upon the age of the sand8t^)nes of the U. S., pp. 335- 
336; 337-339. Thinks age of all our red sandstones questionable. 
Bull. OeoL Sac, France, (II) vii, ISoO. 

Remarque sur la g^logi^du district metallif^re du Lac Superior, pp. 
667 673. 

An address before the Plymouth Co. Agricultural society, Bridgewa- 

ter, Sept. 25, 1850, 8to, pp. 29. 

1851. 
Amer, Jour, Sci., xi. 

Geological report on the lake Superior copper region, pp. 147-148. 
Also Karsten Archiv., xxv, 1853, 656-667. A nutice. 
Proc. Boston S<h:. Nat. Hist., iv, Jsd4. 

Description and analystrs of pitch stone from Isle Royale, lake Super 
ior, pp. 47-49. He argues that phosphate of lime is not necessarily uf 
organic origin, since it occurs in igneous rocks. 

Remarks on **Asphaltic coal" from New Brunswick, pp. 55-56. Also 
exhibits sticks of phosphorus made from phosphate of lime from New 
Jersey. 

On coal and ganoid fishes from the head of the bay of Fundy, pp. (54- 
66. Alsi> ibid., pp. 73-71, together with observationB on Sigillaria. 

Remarks (m the insoluble portion of the coal from Hillsboro, N. B., 
p. 81. 
Proc. Amer. Assoc. Adt\ Set, 4th meeting. New Harden, 1S.')0. IS.'*!. 

On ancient pot-holes in rocks, pp. 188-190. 

On Tertiary fossils at Marsh Held, Mass, p. 251. Paper not published. 
See Proc. Boston S<:)c., N. H., in, 323. 

Description and analysis of A Hani to from Franklin, N. J., pp. 323- 

3S4. 

Description of Bismuthic Tellurium or Tetradymite from the gold 
mine of Whitehall, Virginia, with an analysis of the mineral, and its re- 
lations to the gold associatoil with it, pp. 324-325. 

On the manufacture of zinc and zinc white, pp. 3^J5-.>'n. Description 
of works at Franklin, N. J., and of process and mills at Newark. N. J. 

AnalyBifl of red marl of Springfield, Mass., pp. .337 :i'J8. An igneous 
OOOtact product. Showed wcmkI painted with it. 

BemarkB on the limits of barrenness and fertility in soils, p. 338. 
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Artificial minerals from an iron furnace in Easton, Pa., pp. 384-385. 
Gives analysis. 

Zircon, sodalite, cancrinite, etc., from Litchfield, Me,, pp. 385-.386. 
By title only. 

Report on the Albert coal mine, containing an account of the situa- 
tion and f^eological relations of the rocks, including and accompanying 
the coal. New York, 1851, pp. 58. (With reports by Percival and Aug. 
H. Hayes.) Maps and platens referred to but not accompanying copy in 
Library museum, Comp. Zool., Cambridge, Mass. Reviewed in Amer. 
Jour. Sci., xiJi, 1852. pp. 276-277. Darton lists a Boston edition; not 
seen. 

Anniversary address before the American Institute, 16th Oct., 1851. 
New York, 1851, pp. 23. 

1852. 

pj'oc. BoHton Soc. Nat. Hist, liv, 1854, 

Remarks on raindrop imprints and allied phenomena, pp.131132. 
'*Has sought carefully for impressions of rain drops (in the lake Super- 
ior sandstones) for the purpose of identifying the age with that of the 
Connecticut river sandstone, but in vain." 

Description of five new species of fossil fish and notices of fossil plants 
•from the shales of the coal formation at Hiilsboro, N. B., pp. 138-143. 
Palaeoniscus albcrti, P. brownii, P. cairnsii, P. sp. 

Remarks on a daguerreotype of a fossil fish, pp. 151-152. 

Remarks on the characters of coprolites, p. 169. 

Observations on a wavy sandst<me in the shales at Hiilsboro, N. B., p. 
170. 

Remarks on the **sienite" of Nahant, loc. cit. 

Remarks on tracing the source of sediments, p. 179. Case on Petico- 
diac riv^r in N. B. Fineness increasing in proportion to the distance 
from probable source indicates the action of water rather than ice in 
their distribution. 

Observations on the relation of Stigmaria to Sigillaria, pp. 179-180. 
Doubtful as to their identity. 

On an extensive deposit of marine shells near Portland, pp. 181-182. 

Remarks on relative amount of oxygen in moist and dry air, p. 186. 

Observations on the effect of sugar and raisins upon explorers, p. 187. 
*' When suffering greatly from cold eating a few raisins was suffi- 
cient to impart a glow to the whole system." 

Observations upon a vein of anthracite at Vinal Haven, Me., and upon 
frictional electricity in cannel coal, p. 188. 

Account of the proeeas of etherization as performed on a puma for 
the purpose of cutting off its claws, p. 232. By title only. 

Analysis of the body and scales of a species of PalsBoniscus from the 
Albert coalmine in Hillsborough, N. B., p. 239. 

Observations upon the Bream (Fbmotis vulgaris), in a pond near Ply 
mouth, Ml 
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Proc. Amer. Acad. Arts and ScU li, lfi52. 

On maDgaDese in the water of streams, p. 111. M. in tho niiddlo of 
lake Superior and in the blood. 

Report of a committee on coast marks, pp. 221-223. Pr(>|M)Ral to have 
U. S. Coast Survey undertake observations. 

Remarks on apatite from Hurdstown, N. J., pp. 241 24.'i. 

Temperature at which charcoal takes tire, p. 256. 

Analysis of crystal of phosphate of lime from Hurdstown, N. J., p. 
261. 

Remarks on Prof. Horsford's explanation of an explosion of burnniK 
fluid, pp. 316-317. 

On the use of alcohol as Important to agriculture, pp. 322 ')2^). 

Observations on tellurium in gold ore from Fnnlerick, Va., p. 2.' 
Bull. GeoL Soc. de France^ x, 1852. 

Sur le terrain houiller d*Hillsboro (Nouveau Brunswick), pp. ^i 'K^ 
Gives two sections. In a lawsuit, court adopted J.^s decision conc(*rn 
ing ^'asphalt.*' 

Review of (his) reports on the wjal of the AlU»rt (Joal Mining (/O., 
HillslK>ro, N. B. New Y'ork, 1852, 8to, pp. 40. Library HoMU^n H<H!i#?ty 
Nat. Hist. 

Reports of the New Jersey Zinc company, 1852. New Vork, J8ri2, pp. 
.%. Geological import by C . C. T. Jackson, pp. 10 15. pis. I and 2, 
mentioned, but not in Harvard University copy . 

Report on the trade and commerce of the British North AmfricHU 
colonies, and upon the trade of the Great IjukfH and rivers, by I, I). 
Andrews. 32d Cong., 1st sew.. Senate. Ex. 1)<h'.. No. 112, xi, 1852. 'Not 
seen.) Cited by N. H. Dartrm. 
BftstoH Medical and Surgical Jour nn I, .rlrii, /n./V. 

Poisonous chlon>f or m, pp. 117 12^1. 

1S.>T 

Proc. B^ittoH Soc. yat. Hist., ir. /*-#/. 

Obeerratioofl upon the Kupychroit^ from lake Charuplain, pp. 2^/(i 
260. Trap mineral: c^n dudes that ph'^pborui* is an tr\f.ut*'Ui in tb«' 
interior of the glolje. F"urtb«rr nrnmrkH on pp. 2^>J i^Vi. ^/J 2^X1. 

Rproarksoo compress^J crystaii* of VmutumaViu*'. p. '2f'i^f. .Mt^p a';<:'/tiot 
of ziDC mines. Sa«Bex county. N. ./. -Tit>.. 

Account of the pr^^r*** of extra^rtinj^ iror, frofu th«- '/Tt f-nLtr^i Ir'rHhk 
Unite in Soaeez c^^unt^. N. J., pp. if-C '^',. 

Report on the c*! .ar-d^ 'A Kirjpt. I>.r;.'/M. Kv4r,». l^Hithf-r auI V$i. 
cox plan tations of I>* p Hi y-z . S C . r v 'y p;i v, pj . . *- 1 \<. -4 V or jf . J <*.'! 
Cited in Pinoc. Brj^on fyr,-. S'<,\ Hi^x . :. . Vr^A. p ¥f', 
BuU. Garf. S«r. d^: Frai*r^, II r. ;- ;;, 

Sot 1m min^ivde frjlir*: •-: '> .'.•.,...«- ';<^ .4 f;%f'/.*r,*-';-^ V/f; pp 'ff, 
306. Extrait d'ofye ,*ttr*: aM !>*',•**>*- 

Beport 00 tbfe c»pf*-r -i.::.*- A :l- S.^*:, (.^r-, .'.< ^>.;^;>'/ - '/v.pj^r./ 
UB53. pp. 0. 
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Ueber den Metal 1 fflhrHoden Distrikt, am Obern See in Staate Michi- 
gan. Karsten's Archiv., xxv, 1853, pp. 656-667. 

Report vindicating the rights of C. T. Jackson to the discovery of the 
ansBsthetic effects of ether vapor. (Appended to Morton, W. F. G. 
statement, etc., 1853, pp. 493-566.) (Not seen.) 

1854. 
Proc, Boston Soc. Nat. Hist., ir, 1854. 

Remarks on the claim that Lord Stirling opened the "Sterling" 
mines in New Jersey, p. 308. 

Remarks on crystalline limestones, pp. 308-309. 

Remarks on the Wilkesbarre coal field, p. 328. 

Remarks on the geology of portions of North Carolina, Georgia and 
Tennessee, pp. 397-401. 
Ibid., V, 18o6. 

On the relations of Green river to the Mammoth cave in Kentucky, p. 
57. 

On gold, silver, lead and copper, at Bridgewater, Vt., p. 62. Also 
notes on native iron from Sonora, Mexico. 

On fossiliferous erratic blocks at Mt. Katahdin, Me., and on the south 
shore of lake Superior, p. 85. 

Chemical researches on the composition of the scalesof the gar-pikes, 
p. 92. Contain fluorine. 

Catalogue of rocks, minerals, and ores collected during the years 
1847 and 1848 on the geological Survey of the United States mineral 
lands in Michigan. Smithsonian report for 1854, pp. 338-367, 1855. 

1855. 
Proc. Boston Soc. Nat. Hist., r, 18.'}(i. 

Analysis of AUophane from Tennessee, p. 120. 

Remarks on tides in lavas of volcanoes, pp. 139, 142. 

Remarks on effects of gradual transportation of earthy matters from 
elevated lands, p. 142. **When the difference of level had been suffi- 
ciently altered to be adequate to overcome the resistance of the earth's 
crust a paroxysmal elevation might take place with all the phenom- 
ena of an earthquake, as happened in Chili in 1834." 

Remarks on the views of Dr. A. A. Hayes and Dr. John Bacon con- 
cerning the cause of the taste and odor of Cochituate water, pp. 161- 
164. Hayes' rejoinder, pp. 169-175; Jackson's reply, pp. 175-176. 
(About this time, report of the Cochituate Water Board, by Horsford 
and Jackson. Not seen.) 

Remarks on the age of the red sandstones from Connecticut, p. 186. 

On the oxides of cerium, didymium, and lanthanium, in a large crys- 
tal, p. 189. 

On raindrop impressions in foot-prints, p. 189. 

Remarks on the qualifications of Mr. Marcou in relation to his geo- 
logical discoveries in the Rocky mountains, p. 191. 

TranslatJOD (?) j^jg »tractB from a letter of M. £lie de Beaumont, dat- 
ed Paris, Mii|HHyK6» p. aOi-906. 




Charles Thomas J ttckson. — WomUrovth. \\\^ 

Od anthracite ixaxl froiu Japan, p. :^)7. Ciml umnl h> U. S, S. MIn 
siBsippi OD return voyaf^e. 

Remarks on local characters of mineralH, ami on lh««ir uHH(M*iHttiin, pp. 
225-226. Also deBcribed a foBsil skeleton uf a larK*^ (Mtturenn frutii 
Maine. (Not printed.) 

An account of some researches into the coin ixmit ion inid manner of 
formation of different kindn of stiM'l, p. 2.'i!2 2.'Ki. 

Presentation of fossil shells from tertiary strata of WihnhiKton, N. ( -., 
p. 233. 

Geology of parts of New Brunswick and Nova Heotla. pp. iilt! !2iH). 

Proc. Boston Hoc, Nat. HiHt.^ v, lnrti;. 

Observations uixm a pumi(;eous Hubstanee retN»rt-<*<l to hnvii Inhmi 
found floating around a fxiint of exploHion an<l ebullition in the wafer of 
the Ohio river, p. 29(). 

Exhibition of a vial of bhKxl taken from th*; heart of a woman who 
died from the effects of chloroform. inhal(f<I at a dentist'N oftlff, and le 
marks on the same. pp. .'jTiT't^K). 

Remarks on Gigandibus caudatus, Hitehcock, p. \Vf.K 

Action upon thfr rl^-ath of I>r. T. W. Harris, p, 'fl'j. 

On the ch'*mical anaivHisand rouipHnt^ ttt 'tf ntT\/fittiw iithrUlt't known 
under the name of WH antirjuf. pp. .'jH 'i\if. 

Exhibition of a n*'W w&f'r filt"r. with P'ruark** on r)':io|H'f«n animMl 
cules caught th^-n-in. p. :<U. 

Explanation of X'u*' forr.'^atiorj *>1 Mai/vrtit'-t;. p, 'i'it. CiU-.k iftlHtHJ'iiU-n 
in the gr^itfi at Carr.'-a.. r.-ar Tri'-i-t". 

Rpmarkff or, ar.a...'i>- of wrf^r:fiM'. pp. ''Al 'M'l. 

Remarks on '.L*: r*-;y.a':«-r.'i*:f.t ti Ti'if:*ht, ry/M-is t,j pf*'>*pf.'if •i^ pp. '/AK 

Acoouct '.f !:,*- v.'-tr.'/; *■',•.;..';.*': .'. ♦f,« irUi%/*.',f. 'J v.. U*.tt. 
Menbad^-L ar J f '. * '.'■:*. '.-j *:.*■ ••■*.'; *>.. '.'.i'Vr .».v ;« » .•/•?■'.' ,•• f'.f 
Cittoo. p|>. 'f>> -^V^ 

Ob i. v a*^'/r.- r. :l\.-<. >.'. «**. ^. '^>, 

p. 37r. 

Asrr.r,.*: ^ •-. - ••-. . -^ • • '. -'-•.■ t-.. ^ -.-':,.<./• * ;,: ^f; jji 
Ot li** . r^. ' -■ H ■ . * -'— • .•' • ■ '- ; > J^ '?■; i: ■ r. ,.. . - 

Cii»-ii-r5s c: i • • ' ' '. ' • ■'/-!-. . • ?t ': •',//''.'.. 

<* trro*- ■* .'.•'-- . - • - '* ' - . 
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Report of the Ridgway Farm and Land company, together with the 
geological report of Dr. C. T. Jackson. Philadelphia, 1856, pp. 29. 
Copy in Mrs. Jackson's possession. 
Boi[ton Medical and Surgical Journal^ liv, 1856. 

Chloroform and formic acid, p. 146. 

Formic acid in the blood, pp. 242-244. 

1857. 

Proc. BosPm Soc. Nat, Hist.j vi, 1859, 

On supposed replacement of human bones by phosphorus, p. 57. 

On mineral concretions of hydrated black-oxide of manganese imbed- 
ding sand, p. 91. From Tuftonboro, N. H. 

On hematite iron ore belonging to the Brandon Iron and Car Wheel 
Co., p. L31. 

On landslides on the Presumpscot river, in Westbrook, Me., pp. 133- 
134. Also remarks on concretions. 

On Cyathophyllum in the drift of lake Superior, p. 139. 

Exhibition of articles made of aluminum, p. 139. 

On the alloys of aluminum with silver, copper, and zinc, p. 159-160. 

On the cements of sandstones and conglomerates, pp. 168-169. 

Remarks on crystallized sugar from Chinese sugar cane raised in 
Massachusetts, p. 170. 

An account of the copper mine so-called at Elk Run, Fauquier coun- 
ty, Va., p. 183. In trap dikes coming through triassic sandstone. 

On superposition of the sandstones of the Connecticut river at North- 
field, Mass., p. 184. Palaeozoic wanting. 

On crystals of cane sugar, p. 203. 

Maryland marbles and iron ores, pp. 243-245. 

On carbonate of lime in sea-water from coral regions, pp. 257-258. 

Observations on the shells of Alasmodonta arcuata from Maine, pp. 
258-259. 

An account of the sand sharks caught near Nantucket, p. 259. 

Presentation of a brick from Manomet, near Sandwich, p. 260. 

Remarks on vibrations noticed at the dam at Nashua, N. H., p. 267 . 

Observations on the occurrence of a Spongilla at the Brookline reser- 
voir gates, p. 268. 

Remarks on the presentation of a pink water lily (Nymphia odorata) 
from a pond in Yarmouth, p. 268. 

Remarks on crystals of sugar from Sorgum saccharatum or Chinese 
sugar-cane, pp. 286-287. 
Proc. Atner. Acad. Arts and Sci.^ Hi, 1H57. 

Remarks on the copper and gold mines of North Carolina and on the 
coal reffion of Deep river, N. C, pp. G8-69. 

Analysis of water from Sacramento river, Calif., p. 196. 

Remarks on Crustacea in Cochituate water, p. 252. 

Prospectus of the American Exchange Mining and Smelting company. 
Letter to Messrs. Henry B. Elliott and associates. Baltimore, Md., 
June 16th, 18r)7. Copy in Mrs. JacksDu's possession. 
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1858. 
Proc. Boston Soc, Xat, Hist., ri, 18'*iK 

Analysis of the supposed meteoric stone from Marblehead. Mass., pp. 
291-295. Resembled slag of a copper smelting furnace. 

R?marks upon the Chines? susfAr-caoe, pp. 293-237; 293-300. 

Remarks on the presentation of a Chinese yam (Oiscorea batatus), p. 
337. 

Remarks on the presentation of the earth almond /Cyperus esculen- 
tus), p. 337. 

Remarks on the exhibition of a sample of crystallized sugar from Chi- 
nese sugar-cane, p. 337. 

Observations on oolite ore from Wisconsin, p. 311. 

On the Chinese sugar cane, pp. .311.342. 

Repetition of communication on fluorine in fish scales, p. 360. 

Remarks on the presentation of the geological maps of the United 
States and New Mexico, by William McClure and M. Marcou, p. .308. 

Observations on insectivorous insects, p. 100. 

(With il. S- Pi-fifatt.j Ganlner Hill Mining ompany, prosp.'ctus, 
charter and reports. Baltimore. 1853. Svo, pp. 1.^. 

Proc. Bntiton Soc. Xat. Hint., vi, l^.yj. 

On tobacco (Nicotiana tabacum* from Hatfield. Mass., pp. 108-109. 
Ibid,, vii, /S/;/. 

Observations on the preservation of animal tissues by arsenic, p. 5. 

Remarks on exhibition of Tetradymite and Itacolumite ass^K-iated 
with native gold frum Gt^jrgia. pp. 22-2^^. 

Remarks on coloring matter from a red Ix^tl** 'Reduviusj, p. 21. 

Remarks on pvrophyliite frrmi Lincoln Co.. Ga.. pp. 21 25. 

Observations- on dvi* fpKii th** relbiisf ■R^^'.hiviusi. p. 29. 

Remarks on tb«-c irrosiv.* prop'Tti^** of .Mexican guano, pp. 29 Titr 

Remarks o!i tartaric at.-id in Aiu»*rican \vin»*.s. p. .'{ ». 

A sketch '»f tii*' t':j' ^ry i»f inrtaoi »rphis:ii a? n».v a 1 ►jit'i*J. pp. '.if)'.il. 
"Anthracite coal fif. 1.- t,f IVijnsvlvania a'--t*--l up»u by hoi wat<T und^r 
ocean prespur*-. a .^ati?rfa;t'»rN fxpianati'»rj."' 

M«^ide ()f f'»r::iati"n •.' r.ativ«* ••oj>fit-r afjd silv«*r uf lake Sui^'Hor. p. .31. 
**From th'-* '•h!'irii»'S of th«*«»»* iii-tal> in cmtacl with iron." 

Remarks «»rj lii*- ««.':]■ -rj of L'as-? from volcaniv eruptions in kiilin:: 
^fish. p. 39. A":i"rj n-*: 'lu»- t'» h»'at. hut to puip^iurm-?. suiphurett'-d 
hydrog'-c an'! :':..• >T"':.y'ir\': a'.-i'l. 

Remarks o:j t:;t- f^-r j.irtriti-c of th**nijal Hprint:?. pp. I't IT. In th*- 
Vosges. Tx'fii.H\ biit:,-?. .ak- StJi^rior. »-t«*. 

On th- jii.fiy irn-'.v::. fr-^rij th** ba^*- of th- fr«»n<l? -if tre»r ff-rc?. p. 1*^. 

On Tu -•ka^. - '.r I:. ':!;■.:. br-a J. a f'J!.j:'.i«urowth il th- "HtuthfTn states, 
p. 4*S. C'-.'itai.i~ r. • -itar'-rj r-ut «:»;.iu:"fi*; and iiiU'.-i^a:^*'. 

Reaiark-T •:. a Tri. ■■:.■;:•.- inrii xh*- :'Hi .•.'ir'-<.«U!? siat- at St. Marv'.-? bav. 
Newfo'jr.'j.ai. .!. ;^. »;4. I'l^rrka. v.ith Faradoxid-s har»ar.i: f«.riijati<iij 
can \j*: tra'-i fr ■.. Brair.tr— y.i N--.vf<M;r.dlarid 



• • 



.• • 






• • • 



• • 



• 



102 ••*% V. • The American Geologist, Au^st, 1887 
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Rp^ai|k8*cln the so-ctilled Japanese wax produced from the berriea of 

, Rhbs'euit^cedaneum, pp. 54-55. Is not a wax. 
• • • 

•-^ Remarks on the most natural route for a railroad to the Pacific, p. 70. 
^om New Orleans via Texas and N. Spain to Mazatlan. 

Remarks on the death of Alexander von Humboldt, pp. 70-71. 

Remarks on specimens of Paradoxides from Braintree, Mass., and St. 
Mary's Bay, Newfoundland. The latter in a boulder; measurements 
given. P. harlani. 

Observations on search for coal in rocks carrying fernlike impressions 
and markings resembling lepidodendron near Pembroke, Me., p. 75. 
Opinion of futility of search somewhat shaken. 

Report on the frozen well at Brandon, Vt.. (with Mr. J. H. Blake), pp. 
81-84. Opinion as to cause reserved. 

Observation on the relations of rocks at Perry, Me., to the Silurian, 
p. 86. Rest on Silurian. 

En regard to frozen wells at Brandon, Vt., and Oswego, N. Y., p. 135. 

Remarks on specimens of a compact specular iron ore from Phillips- 
burg, N. J,, p. 136, Occurrence described. 

Remarks on the wax plant of Japan (Rhus succedaneum) and on the 
tea plant, pp. 149-150. 

Remarks on white marl in the bottom of a pond in New Hampshire, 
p. 151. 

Remarks on the discovery of tin ore at Los Angelos, p. 152. 

Allusion to sugar in native grapes, p. 152. 

Remarks on green feldspar from sea-wall near Southwest Harbor, Me., 
p. 160. Amazon stone; hitherto known only in Siberia, 

Remarks on artificially pnxluced minerals received fromM. Daubree, 
p. 160. 

Remarks on a meteorite from Oregon, p. 161: also pp. 174, 175-176, 
191, 279. 

On the position of the Roxbury conglomerate, p, 183. Dissents from 
Marcou's view that it belongs to the **new red sandstone," maintains 
that it underlies the coal. 

18()0. 

Proc, Bastnn Soc. Nat. HiHt., ri/, 1861. 

Remarks on the elongated i)ebbles found in the conglomerates at 
Newport and in Vermont, p. 209. Thought no change has taken place 
since deposition. Averse to any theory which requires softening aftei^ 
deposition. 

Remarks on a pearl covered secretion from a Unio from Michigan, p. 
278. 

Remarks on a memorial to Congress in relation to the Oregon me- 
teorite, p. '289. 

Observations upon the ))ituminou8 and coal deposits of the Albert 
mine, New Brunswick, p. 295. 

Analysis of the juice of the leaf-stalks of the garden rhubarb (Rheum 
rhoponticum), p. 305. 
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Remarks on the reopening of (»Id mines in New Hampshire, p. 349. 
Fronconia iron mine; argentiferous galena at Warren; copper at Bath. 

On andalusite macio in an altered argillaceous slate on Mt. Washing- 
ton, pp, 349-350. Boulders of it at Boar's Head, near Rye, N. H. 

Remarks on the formation of the distorU^d and indented pebbles at 
Newport and Roxbury, p. 354, Thought they might be formed by beach 
action, but thought the Vermont pebbles might have been formed by 
segregation from the rock. Notes decay to depth of from 80 to 100 
feet at Dahlonega, Ga. 
Proc. Amer. Acad. Arts andSci., iv, ISfiO. 

Observations on Tetradymite from Spottsyivania, Va., Bornit from 
Dahlonega, Ga.. alFg gold, p. 192. 

Analysis of Bornite from Dahlonega, Ga., p. 196. 

Vegetable wax from Japan; Trilobite from Newfoundland, p. 199, 

Olivine bearing meteorite from Rogue river, Oregon, p. 359. 
Amer, Jour, Dental Sci,y J?, 1860, 

Influence of the sun's rays in the production of organic matter, pp. 
557-560. 
Boston Medical and Surgical Journal, liiiy isiio. 

Influence of the sun's rays in the production of organic matter, pp. 
213-215. 

Existence of nitrogen in plants, its origin in animals, pp. 289-292. 

Statistics of poisoning in New England, pp. 389-391. 

1861. 

Proc, Boston Soc. Nat. Hist., vii, ISfJJ, 

Remarks on the age of red sandstones at Perry, Me., Nova Scotia, 
Keweenaw Pt., and of the Albert coal in New Brunswick, pp. 39(5-398. 
Considers Keweenaw rock as Trias (Marcou): fossils from Perry indicate 
Triair'sic age. 

^Announcement of the occurrence of andalusite made between Boar's 
Head and the White mountains, p. 418. At South Berwick, Me. 

Remarks on a specimen of Boghead coal from Torbcmnehill, Scotland, 
p. 422. Considered Stigmaria the underground stem of Sigillaria. 

Remarks on coal from the gulf of Chiriqui, p. 42.3. Probably of Eo- 
cene age: analysis given. Also Proc. A. Ac. Arts and Sci., v, 1802, p. 
112. 

Remarks on a microscope, p. 423. Inverted microscope of J. Law- 
rence Smith. 

Additional notes on the fossil shells and coal from Chiriqui. p. 428. 
Analysis; micro8cr)pic examination showing cellular plants. 
Proc. Amer. Acad. Arts and Sci., iv, ISdO. 

Ri^marks on marble used in the buildings in Washingtcm, p. 5. 

Remarks respecting the Morse magnetic telegraph, p. UK). ''Alleged 
that he himself tirst made known to Mr. Morse the general idea of the 
invention, and of the principles upon which it depended." 
Proc. BnHton Sue. Nat. Hist., viii, JstrJ. 

Remarks on Paradoxides from Braintree and Newfoundland, p. 58. 
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Remarks on the red color id zincite, p. 115. 

Ruinarka ud the occurrence of gold in the Uoited Statea, p. 172. Hem- 
atite of N. C. and Ga. contains gold, iron pyrites does not, but ma]/ l>e 
mechaniciilly mixed. 

Rcinftrka on the decease of Dr. John Evans, U, 8. Geologist, p. 177. 

Observations on Boue'a geological wap of the world, etc., pp. 177178. 
Also notes Mnrcoii'a m»p of U. S. A. 

Fragments of rolled coraln from the soil of CumlwrlanJ county, N. J., 
p. 236. Tertiary according to Rtigcrs and Agnesiz. 

Chemical analysis of a meteoric stone from Dhurm^allu, India, pp. 
2*1235. See also Proc. Amer. Acad. Arts and Sci., v, 18G2, p. 359. 

A manual of etherizalioo: containing directions for the employment 
of ether, chloroform, and other unffiathetic agentH, by inhulatioD, iu 

surgical operations, comprising also a brief history of the discovery 

of amcBtbesia. Boston, I8t>l, pp. LSI. List of papers on anaesthetic use 
of ether and chloroform, pp. 125-127. Review of, Boston Medical and 
Surgical Journal, lxt. 1861, pp. 2i>2 294. 

Manual of etherization. With inatmctiima for the prep.iration of 
ether and chloroform, and for testing them. Also a brief history of the 
discovery of antesthesia. Boston, 18G), pp. 12. Harvard Univ. Cata- 
logue. (Not seen.) 
HiMilaa Medical and SiirgMilJoiiTiKiI, Iwv, 1N(IJ, 

Hints to army surgeons, 109-111. 
Ibid., Iriv, JH6I. 

First practical uae of ether in surgical operations, pp. 229-231. Evi- 
dence concerning Dr. C, W. Long, 

Tabular statement of deaths attributed to the effects of inhaling 
chloroform. 259-261. 

Detection of strychnia in the substance of the blood, pp. 337-339. 



Proe. Bonton Soc. Nat. Hist., viii, }Sr,i. 

Remarks on a specimen of Domeykite from the vicinity of Portage 
lake, lake Superior, p. 258. Sp. G. 7.431 and not i.Ti. 
Ibid.. 13.; ims. 

Remarks on the recent discQverj- of gold 

Remarks on the manufacture of writing 

Observations upon metamorphic action i 
Rhode Island, p. 57. Superheated water n 

Remarks upon crystallized glass, p. 70. 

ReniBi'kB upon the death of Mr. Henry D. Thoreau, pp. 70-73. 

Repiirt of tbe committee aiiijuinled to examine the frozen well at 

Brandon. Vt.. pp. 72-88. IWitli .(.itm H. Blake and William B. Rogers.) 

hcnl of af'uurity against counterfeits in paper 

b the introduction ol determinate species of Diatoma- 

kl ot the paper, p. 155. 



] Nova Scotia, p. 47. 

eastern Massachusetts and 
ist accompany dikes. 
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Proc. Amer. A^ad. Art* tin/i .Sri- r. 1^2. 

C'jnuomxs on a letter from M. Mois^nt in regard to a oew ea^ rc 
gioe. pp. 51-oif . ' Ud published. > 

Report upon the pnjipertr of the Black River mines, situated in Lot- 
beniere county. C. E.. Oct. 22. Iai65. Boston. IS^. Svi», pp. 7 p:us. 

The Halifax Copper Mine. B*^ton. Aug. l«h. l?*a. To Car]oe 
Pierce. Elsq.. pp. 7. R*>.*k "appears to he-oos to the Tat.Y>aic system ••f 
Emm4*os. or t-« ihf^ l*'Wrt«t Silurian 'if Mur».-hi*«>r." 

Report on the pr«.«p*?rty of the Chaudiere mine. B«>ston lSd2. Svi:». 

Report on the Wickbam clipper mine. B«»tt»n. I^SidS. ^vo. pp. S. 
Bf.tMtou Mtdi*^ It 'tu*l Sff nj ica / Jou ru :tL Urr . l^*'^. 

Influencf^ of the pjsiii-m of animals under the eff^*ts of ethi='r. p. 50sf. 

1*3. 
Proc. B'.ff'-'h .S'*r. Sat. Hi*t.. t'jr. l-^io. 

Sketch of th*- o- •pper-bearicg hell in Canada, pp. ?'.»2-2»'0- 

Remarks or th*- mc^ie ^^f oi.'currence of Galena at Dubu^jue. pp. 222- 
224. X*'t*-s on c*»jpper and iron ores formed by sublimation. 

Rep«:»rt on the Shepherd cr»pper mine in Sutton. C E Peiherick. 
Thomas. • R^pirirt*. etc.. IS^. Svo. pp. 10-13. 

Repfirt. etc.. Mirera; Point Mining Co. 1*3, Svo. pp. ^>-S. 

Report upc^c \h*- P]um>)agoMinin£r Co.. situated in Puzzi*" mountain. 
Xeury, Oxf'>rtl c»:'3ntA-. Me. With N. T. True.. lA«ue<l by Edwani G. 
Tileston ^ Co.. B'^ston. I*l63. ^ro. pp. 11. Pamphlet in Harvard C^-I 
le^ library. 

Report u3 the property of the Mezantic mine. Ha.ifax. Bost^r.. ISrS. 
8to, pp, S. 

Rei^rt-t on the pr'^perty ''f the .\her«-'rombie G:<M Mining Co. Rnst-:-!:. 
1963. Svo. pp. 0. 

< With R- Bennett. Rerorts on the property of St. Margaret's Cop» 
per mine. &3stoi:. 1"*>1. ^vo. ppj. 7. 
BoMton Mf d iral a u* i < u rj ic<i/ Jo u r»f fi /. Ijrri, J >»o . 

Remarks up.»n the latr Dr. L. V. Be!I. pp. 73-74. 

Rep'^rt Rv^T/^'D hn-l rv-ricth C'»pp^r Micing Co. . IvM. «!»t... pp. ^'. 
1 Harvard C.-l.etre cata.-nrue. 
Prot. B^^f' u S-f-. .V.if. //fjcf,. i>. /k/;.-,. 

Exhibiti'jr. ••f «{:ifr-:*i;!jvr'* < -f J •rrse y x^a Ceao'ithus Ameriv-anas ctow- 
iDfT^^ iJi^ " "^ ^'^^ sar.d<:--in*-of Pecrsy.rania. pp. 333. 
Ibid.nX, 1"** . 

Xotiee of ti.*- 'iratii "f FraEcis \.\;*rT r»f Bif«tML. pj'. 2-«"'. B. March >. 
1897. Bridj-water. Mi^. Lirl r.f sv-ientilir -arritinirs. 

Presentati-»n f •■7 »«-;■':- -rL*? --f ff^.-k fh'.Z fr-'.i. ibe Petit Ar* salt micr* 
of Louisiana, p. 17. \Jz.j'ijtj.\^y.*^\. 

Remarks .^ !r.- ia^ it-- f :h.- ^^av»-r. j-. 41. L'r-fjt.lishri. 

Acor*utt -f ;i *.-:-L*;r! .■ ; jr!:*-;. thr- ut:K Calif-.TLirj ar. J N-ra-ia via 
Panama, pj.-. ±i4 i5S». Oosr-rv-5 a r::.'-:'P-.ri:-: iJvt>-r:::iL,r.i ::s a.::tjir. 

Ezhibilior. A i.afp .'- f.-.::. C'.^-t-T. Ma-^-:.. p. ii'j. L'np^i .iaieii. 
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Remarks on drift scratches and glacial deposits, pp. 245-246. Cannot 
be due to glacial ice. Notes granite boulders in clay beds, 60 feet thick, 
on Block island, traced to Kingston, 15 miles in a northeasterly direc- 
tion. 

On Cretaceous fossils collect^l at Santa Barbara and on the quick- 
silver depr>sits there; the borax of Lake county, Calif., and the oxide of 
tin near Los Angelos, etc,, pp. 262-263. 

Remarks on specimens of polished rocks from Smoky Valley, Nevada, 
pp. 303-304. Duo to joint effect of snow and sand sliding, finished up 
by the more delicate touch of blowing sand, in prehistoric times — no 
sand there now. 

Account of the mines of California and Nevada, p. 308. Unpub- 
lished. 

Chemical analysis of minerals associated with the emery of Chester, 
Mass., pp. 320-322. Andesine, diaspore, margarite, clinochlore or chlor- 
otoid. 
Ibid,, an, 1S6H. 

Remarks on Kackum oil, an indelible ink nut, Ghantee root, and 
Cashew nuts, p. .31. 

Observations on ice forming in summer and disappearing in winter, 
p. 32. Cases in Russia and at Bnindon, Vt. 

Observation on the occurrence of veins of dolomite in the Emery 
mine at Chester, Mass., p. 32. Contained a crystallized sapphire. 
Proc. Amer, Acad. Arts and Sci,^ ri, 186G. 

Remarks on examination of pyrites for nickel, p. 81. 

Description and analysis of a meteorite from Decotah, pp. 166-167. 
Iron -nickel- tin-phosphorus contents, 100 lb. specimen. 
Paris Acad, Set'., Compt. Rendu. ^ Iriii. 1SfJ4. 

Observations sur des gdtes m^taliif^rea de quelques parties de TAmer- 
ique septcutrionaleet sur un nouvel aerolithe, pp. 240-242. 

(With D. McCaine.) Grotou soapstone quarry. Boston, 1864, 8vo, 

pp. 16. 

1865. 
Pr<tc. Bo.stonSoc. Nat. Hist., ir, JfiOfi. 

Analysis of iron ore from the northern end of Staten island, p. 72. 

Remarks on prepared peat, pp. 72-73. 

Presentation of specimens of carboniferous plants from the Wyoming 
coal basin of Pennsylvania, and pamphlets by Elie de Beaumont on his 
pentagonal system of mountain chains, pp. 80-81. Urges American ge- 
ologists to study de Beaumont's hypothesis. 

Discovery of eiuftry in Chester, Mass., pp. 84-90. Gives section, p. 86. 
A single banking house in London had a monopoly on the deposits in 
the Grecian archifK'lago. One of his important interests but the mine 
vvaH discovered by Dr. H. S. Lucas. Also Paris Acad. Sci., Oompte 
Rendu, lx, 1865, pp. i21 42*1 
Paris Acad. Sci., Compi. Rendu, Ixi, 1865, 

Nouveaux details sur les mines d'argent du Nei 
CoHiuos III, 1866., pp. 66-67. 

Siir les mines d'or et d'argent de la CWi 
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1866. 
Anier. Jour. Sci,, {II) Jclii, 1H6(K 

Analysis of Rome mineralfl from the emery mine of Chester, Mass., pp. 
107-108. Andesite, margarite, and diaspore, by John C. Jackson, fils; 
chlorotoid. 

On the discovery of Corundum at the emery mine, Chester, Mass., p. 
421. Finds perfect crystals of sapphire three inches long. 
Pntc, BoHton S<n; ^'at. Hist., a\ 1860. 

Remarks on calcite veins from Martensburg. N. Y., p. 97. 

On coating eggs with soluble glass to prevent entrance of spores, p. 98. 

Remarks on petroleum, p. 103, (Unpublished.) 

Remarks on green feldspar or Amazcmian stone from the granite quar- 
ries of Rockport, Mass., pp. 107-U68. Mentions other minerals found 
there. 

1867. 
Amer. Jour. Sei., II xliii^ JSOy. 

Analysis of a meteoric iron from Colorado, pp. 280-281. 
Proc. Boston Soc. Nat. Hist., .r?, 1S6S. 

Remarks on the death of Dr. A. G. Gould, p. 27. 

.\nalysis of meteoric iron from Bear river, Colorado, pp. 71-72. See 
Amer. Jour. Sci., next above. 

Remarks on the non-occurrence of meteorites in sedimentary strata, 
pp. 82-83. 

Remarks on the touchstone used by watchcase makers, pp. 114-115. 
Use a polished block of bazanite with 12 gold * 'keys** of known com- 
position. 

Observations upon the alewife in Massachusetts, p. 131. 

Observations upon fossils from the green sand of New Jersey, p. 158. 
Considered same as greensand of England and France. 

Remarks on the gold region of Vermont, pp. 243-244. $4 to $12 a ton. 

1868. 

Proc. Boston Soc. Nat. Hist., xi, IHOS. 

Chemical analysis of fossil guano from the vicinity of Charleston, S. 
C.,pp. 392-:«3. 

Remarks on the mcxlern methods for the preservation and coloration 
of wood, pp. 462-464. 
Proc. Amer. Acad. Arts and Sci., vii. ISOS. 

Description of a series of lead-encased block-tin tubes for the conduc- 
tion of water, pp. 433-435. 
Proc. Boston Soc. Nat. Hist., xii, JSSif. 

Analysis of green Petrosilex from Melrose, Mass., p. 84. 

Description of the beds of apatite in North Burgess, Canada West, 
pp. 88-89. Phosphate? of lime not necessarily of organic origin. 
California Acad. Sci., Proc, III, JS6S. 

Measurements of the hight and circumference of twenty-five of the 
**big trees'* (Sequoia gigantea) in Calaveras county, pp. 201-205. Taken 
in 1865. 
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1869. 
Proc, BoHion Soc. Nat. HiHt., xii, 1869. 

Cited on Portland landslide, p. 236. 

Description of a new locality of tin ore in Winslow, Me., p. 267. 
I bid. J ;riiV, 1871. 

Remarks on native carbonate of magnesia from Greece, California, 
Maryland and Kansas, p. 172. 
Paris Acad. Sci., Coin])t. Rendu. ^ Lcix, 1809. 

Sur les mines de cuivre du Lac Superior, et sur un nouveau gisement 
d'etain dans T^tat du Maine, pp. 1082-1083. 

1870. 

Proc. Boston Soc. Nat. Hist.,xiii. 1871. 

Remarks upon Mr. Shaler's views of the relations of the rocks in the 
vicinity of Boston, pp. 177-178. *'When it is alleged that crystallized 
rocks like syenite or granite, are altered sedimentary rocks of aqueous 
origin, we require that the passage state should be demonstrated and 
this has never been done by any who has advocated such a metamor- 
phosis." 

1871. 

• Remarks upon meteorites, p. 412. Inferred that the fall of meteorites 
is of modern occurrence— since the tertiary strata wore deposited. 
Proc. Boston Soc. Nat. Hist.^ ccivy 1872. 

Letter to nominating committee, Boston Soc. Nat. Hist., p. 2. Can- 
not consent to become a candidate for the presidency. 

Glacier theory of drift, pp. 65-68; 73. Has not been able to adopt the 
glacial theory of drift phenomena. 

Observations upon expansion of rocks due to change of temperature, 
p. 87. 

Remarks on the eruptions of Etna and Stromboli, p. 128. 

Remarks on quartzites and slate, p. 129. 

Remarks on the action of the poison of the rattlesnake, pp. 133-13:4. 

1872. 

Proc. Boston Soc. Nat. Hist.y anr, 1872. 

Remarks on Lingula, p. 218. (By title only.) 

On the elevation and depression of the Atlantic coast, p. 218. (Un- 
published.) 

Observations on the occurrence of crystal globes in the Druid mounds 
of England, p. 305. Thought they were derived from Japan. 

Report on the Brandon frozen well, pp. 306-308. Chemical analysis 
of the water: gravel bed frozen by cold of former vigorous winters. 

Remarks on the transportation of boulders in New England, p. 386. 
Repeated. 

Remarks on Labrador feldspar in New Hampshire, p. 392. Not found 
in situ. 
Ibid., XV y 1873. 

Remarks on piH^^^^Hewport and Chestnut Hill, p. 3. Could not 
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admit that these pebbles were ever plastic and attributed their form to 
the action of water. 

Observation upon the failure of earthquake shocks to affect deep 
mines in California, p. 187. 

Letter to Samuel F. B. Morse, dated Boston Nov. 7th, ia37. In **A 
memorial of Samuel F. B. Morse, from the city of Boston. Public Doc- 
ument, 1872, p. 75-77. Relates to invention of magnetic telegraph. 

Relations of syenite at Richmond, elevation of coast of Hatteras re- 
gion and Maine. Amer. Nat., v, 1872, p. 181. 

1873. 

Proc. Boston Soc. Nat. Hist., xv, ls73. 

Analysis of meteoric iron from Los Angelos, Cal., pp. 25^-255. 

Remarks on the geological survey of New Hampshire, p. 309. Map 
could not be colored for want of time, thought no inference could be 
drawn from f«)8Pil8 found by Hitchcock at Littleton. 

Remarks on the death of Dr. Henry Coit Perkins, pp. 310-311. 

(Posthumous). 1887. 

Catalogue of rcwks, minerals, and soils, collected during the geologi- 
ical survey of Rhode Island, summer of 1839. Providence Franklin 
society, report on the geology of Rhode Island. Providence, 1887, pp. 
58-68. This list is based upon two MSS., copies in the possession of the 
society; probably not before printecl. 

Reviews and Works orowino out of Jackson's Publications. 

Review. First report of the geology of the state of Maine. Amer. 
Jour. Sci., XXXII, 1837, pp. 193-194. 

C. U. Shepard. Report, Chester emery mine, 18 — , p. (>. Objects to 
Jackson's considering emery a distinct species from corundum. Citeil 
by B. K. Emerson, Mineralogical Lexicon, p. 62. 

Dall, W. H., and G. D. Harris. Correlation papers, Neocene. Bull. 
84, U. S. Gool. Survey, Washington. 1892. pp. 32-33. Dr. Jackson's ter 
tiary deposits of Maine, probably (luaternary, p. 34. Views on Tertiary 
deposits in Rhodf^ Island unsupjK^rted. 

Foster, J. W. and J. D. Whitney. Report on the geology of the 
lake Superior land district, pt. ri, Washington, 1851, p. 1,37. Jackson's 
argument for superior position for lake Superior sandstone controvert- 
ed. 

Van Hise. C. R. Correlation papers, Archiean and Algonkian. Bull. 
86, U. S. Geol. Survey, Washington, 18J»2., p. 384. *'Jacksou, among 
the older geologists, has steadily maintained the essentially igneous or- 
igin of the granites and syenites." Reviews Jackson's work on these 
rocks. 

Hamel, D. Historical account of the introduction of the galvanic 
and electromagnetic telegraph . London, August. 1850, pp. 71. Men- 
tions C. T. Jackson's claim. Copy in Mrs. Jackson's possession. 
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A large Dumber of pamphtets anil irregular publicatioDS Bpracg up in 
connection with the "ether" controTersy, involving the claims of Jack- 
son, Morton, and Welle. SeeLittell'sLdTiDg Age, No. 201, March 18, 
1848. It has not been thought neceeeary to collect a (uM list of these. 

Editorial, Inhalation of ether in surgery. Amer. Jour. Sci., in, 
1947, pp. 444-417. p. 445, 

Sima, J. Morion, M. D. History ol the discovery ot antestheaia. 
Virginia Medical Monthly, May, 1877, pp. 14. Reprint. Richmond, 
1877; New York, 1879. Anceetheaia by uee of sulphuric ether, demon- 
strated by Crawford W. Long, M, D., at Jefferson, Jackson Co., Ga., 
March 30th, 1842, 

H. J. Bigelow. Inseosibility during surgical operations produced by 
inhalation. Boston Medical and Surgical Journal, xxxv, pp. 309-317. 
See this and nubeequent volume fornumeroua refereneos to the subject. 

B[oait,\PH[E8 OF Dr. Jackson. 

Warren, G. WushiDRton; Resolution concerning Dr. Charles T. 
Jackflon. Proc. Boston Soc. Nat. Hist., xvii, 1875, p. 14. 

Editorial. The late Dr Jackson. The Springfield Daily Republi- 
can. Sept. 9th, 1880. 

Barber, William; Dr. Jackson's discovery of ether. The National 
Magazine, Oct., 1896, v, 16-58. Gives views of hie birthplace, resi- 
dence in Somerset St., Boston, aud of medals received. 

Emerson, Edward Waldo; A history of the gift ot painless surgery . 
The Atlantic Monthly, Lxxviii, Nov., 189C, pp. 679-686. Cites Dr. 
Morreil Wyman . "Jaokson was the head and W. T. G. Morton the 

.\nou: Sketch of Dr. Charies T. Jackson. Pop. Sci. Monthly, xix, 
1881. pp. 404 407. 

Anon; Charles Thomas Jackson. Proc. Amer. .Acad, .-^rtsand Sci., 
XVI, 1881, pp. 4.T0-432, Ether controversy led to his insanity. He sug- 
gested ether aofestheticH, 

Bouv^iT, T,: Historical sketch of the Boston Society of Natural 
History, Ann. Momoire, Btwton Soc. Nat. Hist., 1880, pp. 167-108. 
Brief sketch of Dr. 0. T. Jackson. 

Bouv^, T. T,: Blt^raphical notice of C. T. Jackson. Proc. Boston 
Soc. Nat. Hist., xxi, 1881, pp. 40-47. 

Bartol, C. A.; Charles Thomas Jackson. Boston Daily Advertieer, 



B»[itlior isindcbtfd loM'iss AnnaJ. Knight of Boston for the nee 
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NOTES ON THE ABANDONED BEACHES OF THE 
NORTH COAST OF LAKE SUPERIOR. 

By Frank B. Tatloe, Fort Wayne, Indiana. 

[Plate V]. 

The month of September, 1895, was spent by the writer 
chiefly in searching for abandoned beaches on the north coast 
of lake Superior.* This coast was studied by Prof. A. C. 
Lawson in the summer of 1892 with special reference to evi- 
dences of submergence, and his observations are recorded 
very fully in his report entitled -'Sketch of the Coastal Topog- 
raphy of the North Side of Lake Superior with Special Ref- 
erence to the Abandoned Strands of Lake Warren."f 

The high value of Prof. Lawson's observations was not 
questioned, but his methods of correlating tiie abandoned 
strands observed at different localities, and the general con- 
clusions which he based on this correlation have been review- 
ed and discussed in papers already published. J By reference 
to Prof. Lawson's report it will be seen that he tabulated his 
results at forty-eight localities between Duluth and Sault 
Ste. Marie in a substantially horizontal series. g He supposed 
the greatest interval between the varying bights of any single 
continuous strand to be about thirteen feet. || His conclusion 
in substance is that the abandoned strands of the north Supe- 
rior coast are almost as perfectly horizontal, when compared 
with the present lake surface, as they were when they were 
made, and therefore, that, although this coast has been great- 
1}^ uplifted relatively, it has not suffered any notable irregu- 
larity or deformation. That is to say, the region appeared to 
have been greatly uplifted, but so evenly over the whole area 
that the strands retained their horizon tality after elevation. 
This was not the case on the south coast of lake Superior nor 
on any other coast of the upper lakes so far as known to the 
wM-iter. It secerned to the writer that in his detailed description 
Prof. Lawson has not shown facets that could form an ade- 



*The rcHults were briefly stated in a letter published in the Amek. 
Geol., for April, 181K), p. Sfxi. 

tTwentieth Annual Report of the Geol. and Nat. Hist. Survey of 
Minn. 

JAm. Gfol.,vo1. XIII, Juno 1894. pp. .380-383: same, vol. xv, March 
189.1, pp. 119 1*2(): same, vol. xv, May 1895, pp. 304 .314. 

§Tal)lr opposite page 280. 

i'Table on pa^'o 28."). 
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(juate biisia for his Bchemr'of correlation or his conclusionR. 
Indei'd, Bome of \\in observutjonf eeeme<I to indicate a eonsid- 
erable elopi' for tlii' highest Btrand in the west end of the ba- 
nin. Later a cloBer study of hiB description of the lower 
beaches seemed to Bhow quite clearly that the Nipiseing beach 
JR ill its normal place on that shore, rieing about 125 feet from 
Duliith northeastward to Peninsula Harbor.* 

In discussing Prof, Lawson's conclusions the writer admit- 
ted in the earlier papers referred to that on general principles 
the lower shore lines, which are the youngest and newest, 
might still be substantially horizontal, butmaintained that the 
higher linep, and especially the highest one, which is the old- 
est of all, must express in the position of its plane the com- 
posite rcBulls of all the niovemi-nts which have occurred since 
it was made, and further that on this account it could hardly 
be expected that it would be left finally in a horizontal pos- 
ition. These contentions seemed sound enough on general 
principles, but were in part curiously reversed in the results 
Bttained in 1895. 

The Nipissing beach was found in its normal place, rising 
from about 55 feet above lake Sui>erior on the eastern base of 
Mt. JIcKay near Fort William to about 115 feet at Peninsula 
Harbor at the extreme northeast angle of the lake. But so far as 
observed the highest beach that extends continuously along 
the north shore was found to be nearly, but not perfectly, 
horizontal. 

i'oi-t Arthur. In passing the north end of Isle Royale and 
between Thunder cape and Pie island a low terrace could be 
seen ijuite distinctly in several places. It is a plain feature 
on the north end of Pie island, and is probably a fragment of 
the Nipissing beach, Lawson reports a broad terrace there 
which abuts against a talus of great blocks at 43.5 feet. Prob- 
ably the back of the terrace was covered up, for the Nipissing 
beach was clearly identified on the maio shore In or near Port 
Arthur at about 00 feet. (01.4 feet as levelled by Lawson.) 

Mt. McKay was BBoended np to the "first level" or great shelf 
which is about 600 feet above the lake. In the two miles of 
swamp between the Mission and the eastern foot of the moun- 
tain severaljUBfl^lllgg es of a littoral character were crossed 
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at a higbt of 50 to 60 feet. In the ascent of the mountain a 
great beach ridge of shingle was found at an altitude of 155. 
feet. It is composed mostly of small slabs and flat fragments 
of the Animikie slate which underlies the columnar trap of 
the mountain. The stones are pretty well worn by wave ac- 
tion, most of them having a rudely lenticular form. Some of 
them are as much as eight or ten inches wide, and two or 
three thick. This ridge has a distinct lagoon hollow behind 
it, although it lies on a very steepslope. The ridge is not 
unusually wide, but its lower edge is about fifteen feet below 
its crest. It is probably compound, but no distinct evidence 
of this was noticed. This strong ridge appeared to be the 
lowest one of a series extending up to about 210 feet, several 
of which are well developed. Much of the mountain slope 
seemed unfavorable for an}' permanent record. It is too steep, 
the rock fragments are too large. Besides, a large amount of 
talus of later origin has fallen down over much of it. A beach 
ridge of shingle, quite distinct, but not so strong as some of 
those lower down was found at a hightof about 440 feet. It 
is 80 heavily overlain by talus at the point observed that it is 
not certain that the part seen is the highest mark of wave ac- 
tion, but none higher were observed. 

The central part of the great shelf on the mountain is a 
swampy thicket, but the northern and eastern edges are more 
accessible. No evidence of wave action was found on this 
level, nor any of still- water sedimentation, unless a thin, light 
yellow loam that appeared to cover gravelly drift in some 
places might be taken as such. The floor of the shelf along 
the north edge is bare and has the appearance of having been 
polished smooth by glacial action. Xo strite of entirely certain 
identity were found, but some very faint lines and the rovht 
montonin'e contours of the slightly rolling, polished rock sur- 
face seemed to indicate that the ice moved toward the west, 
and a little to the north of west. 

A drive was made to the Beaver mine in the valley of 
White Fisli river, 24 miles west southwest from Port Arthur. 
On the Oliver road, half a mile or more southwest of town the 
Nipissing beach is finely formed with a bluff 15 to 20 feet 
high at its back. Beach ridges were crossed at a point six 
miles out about 240 feet above the lake. South of Murillo on 
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the Canadian Pacific railway the road crosses a sandy rolling 
plain which is apparently an old delta of the Kaministiquia 
river. The top of this plain is 240 to 260 feet above the lake 
and is about at the level of the top of the famous Kekabeka 
falls three or four miles to the west. The eastward or down- 
stream front of this plain is distinctly cuspate, having the 
appearance of being cut by long winding gullies. These show 
the composition of the plain to be mostly of sand. A little to 
the north of Stanley on the Duluth and Port Arthur railway 
the blue clays mentioned by Lawson* appear underlying the 
sand. In one bank they appeared to be distinctly laminated. 
But in several othef exposures no distinct horizontal layers 
were detected. South of the river at Stanley the road ascends 
a blutf of gravelly blue clay. At about 180 feet above the lake 
fine wavy blue clay was found free of stones and gravel and 
having a humpy, rolling surface. At a point about two miles 
from Beaver mine the road follows a long shelf on the south 
side of the valle3% which at this bight is at least five or six 
ra'iles wide, widening towards the northeast. Along the edge 
of this shelf there is in some places a gravel ridge which is 
probably a wave-made beach. Its bight is approximately 450 
feet above the lake. At Beaver mine, and on the hill back of 
it, no evidence of submergence at higher levels was seen. 

In the town of Port Arthur the several features described 
by Lawson were easily recognized. To his report on this 
placef I add only such observations and conclusions as are 
new, or at least not mentioned by him. The lower of his ter- 
races, backed by a sharp sea-clilf* at 61.4 feet, was readily re- 
cognized as the Nipissing beach. Lawson's photographic view* 
looks northward on this terrace, with the sea-cliff on the left. 
The point from which the view was taken was easily found. 
The newness of this terrace as compared with those above it, 
shown by the comparative amount of erosion, where creeks and 
streams cross it, seems not to have been noticed by Prof. Law- 
son on any part of this coast. Evidence of this kind was not 
found quite so conspicuous in Port Arthur as at some other 
])laces to be deseribod later. But when this quality was once 

*ll)id., pp. 210 -211. 
tibid., pp. 202-2(n. 
+ Plate IX, Fi^. 1, opposite p. 202. 
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recognized it became a valuable aid in identifying this beach 
at places widely separated. Its great strength, however, is 
the most reliable character for its recognition. Sometimes 
this quality may not appear to be striking at a given locality, 
but it generally makes its appearance soon if the beach is 
followed for any distance along the shore. Back of the town 
the great hooked spit at 170 feet on the south side of the 
Dawson road was found as described by Lawson. The most 
of the material for the spit appears to have been drawn from 
a hill of dril't which formed a salient point east of the road 
and above the town. At the top of the hill and just north of 
the road a lightly formed beach not mentioned by Lawson was 
found at about 210 feet. It takes the form of a gentle, boul- 
der strewn slope towards the south, and it has a low sea- 
cliff at its back. 

After crossing the first hill-top west of town on the Dawson 
road and descending the west side a large sandy beach ridge 
was crossed at 170 feet, the level of the hooked spit just noted. 
About five miles out faint sandy beaches were found at 370 
and 380 feet above the lake. A broad plain at 410 to 420 feet, 
eight miles out. may be related to a higher beach, but higher 
ground was not seen in that vicinity. 

On a drive to the old Thunder Bay mine northeast of Port 
Arthur and up the north branch of Current river, several in- 
teresting evidences of submergence were observed. Starting 
northward from the post ottiee the road follows the terrace of 
the Ni pissing beach near its highest level to the outskirts of 
the town and then turns west through a cut in the old sea- 
clitf to the higher terrace. Less than a mile out a fine sandy 
beach running southwest is crossed by the road at about 110 
feet above the lake. Clean-washed rounded gravel was found 
at 180 feet just south of the bridge over Current river. The 
gravel forms a plain and is part of an old delta, which is still 
more extensive on the north side of the river. Its surface 
slopes gradually towards the lake and is covered by a numer- 
ous series of low beach ridges of tine gravel and sand. The 
highest part crossed by the road is about 190 feet above the 
lake. About a mile northeast of the bridge an old lumber road 
turns otf northward up the north branch of the river. This 
road crosses the outer edge of an old delta at about 210 feet. 
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Farther on it ascends a massive ridge of gravel which projects 
from the east, and ends abruptly as a high blutf overlooking 
the river. The top appears to be a beach, and the whole 
ridge is probably a great spit. Its hight is about 260 feet. 
Less than two miles farther north the road crosses a great ter- 
race, now a muskeg and cedar swamp, which has what ap- 
peared to be a sea-clitf at its back cut out of irregular morain- 
ic hills of drift. The back of this terrace is about 450 feet 
above the lake. From the hills above, a fine view is had of 
Thunder hay and Pie island in the distance. The highest 
point reached was 70 feet above this terrace. At a point 
about two miles north of Port Arthur the Canadian Pacific 
railway passes up over the Nipissing beach, which is here mark- 
ed by a low rock clilf extending for some distance. The rail- 
road then ascends gradually over a sandy plain with many 
ridges, and passes into a region of bare rocky knobs. 

Two trips were made from Fort William west\Vard up the 
main line of the same railroad. The first was to a point two 
miles north of Finmark and the second to Dexter, 55 miles 
from Fort William and near the top of the grade. Both trips 
were made on freight trains and most o^ trhe time was sp^nt 
outside on top where the seeing is best. This is the best way 
to get a glimpse at that wild region, for there are no wagon 
roads. The old Dawson road is passable as far as Kaministi- 
(|uia station, 20 miles west of Port Arthur. But at this point 
the bridge is gone and the old trail beyond is not passable. 
Fort William is on a low flat delta of the Kaministiquia and 
the tracks of the railway are only three or four feet above th(^ 
lake. About three miles west of West Fort William the track 
crosses a series of sandy beach ridges and a sand bluff about 
15 feet high. The beach is about 60 feet above the lake and 
is beyond a doubt part of the Nipissing beach. The plain close 
above and back from the edge of the bluff is deeply trenched 
by small streams which flow in very narrow, steep-sided 
I reaches with meandering courses. The trenches reach back 
an eighth of a mile or so from the bluff. P^xcept a few frag- 
ments of low sandy ridges, no other conspicuous relics of sub- 
mergence were noted until Kaministiquia station was reached. 
Here is the great grav«'l delta described by Lawson,* at an al- 

♦Ibid., p. 262. 
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ti tilde of 455.1 feel. The extensive ballast pit below the sta- 
tion shows the gravel in fresh exposure 30 feet high. Con- 
sidering the way in which the old delta was shut in between 
the hills and the comparatively coarse quality of much of the 
gravel, it seems probable that its surface at the pit does not 
mark the old water level, but is somewhat higher. The 
structure of the delta was not very well shown except in the 
upper part above the talus where the layers were horizontal. 

lAilce Kami)} lift iquia and the Sunshine Red Clay. A short 
distance above Kaministiquia the railroad crosses the river 
and turns away westward and within a few miles farther en- 
ters the valley of Sunshine creek which it follows nearly to 
its source. Three or four miles beyond Kaministiquia the cuts 
along the railway begin to disclose sections of fine red clay. 
The frequency and depth of these clay sections increase until, 
from a point two or three miles south of Finmark to a point 
four or five miles beyond this place, the clay appears to form 
an almost ccunplete mantle over the drift and rocks of the val- 
ley floor and man}' sections 15 to 20 feet or more in depth may 
be seen. The color of this clay is bright red. It is fine and 
smooth in texture, and no evidence of stratification or lami- 
nation was found. Two or three thin layers of moderately 
coarse sand and several small pockets of sand were discovered. 
These pockets resembled the **sand boulders'' sometimes found 
in clayey masses of glacial drift and may have been frozen or 
cemented when deposited. On the first trip I alighted from 
the train in a cut about fifty rods west of a long trestle two 
miles above Finmark and walked back along the track*to the 
station. In this way I had a fine opportunity to examine the 
clay which is ex[)osed in an almost continuous series of cuts 
in this int<?rval. West of the trestle the clay appeared not to 
extend uj) more than 7.5 or 100 feet above the track, which is 
there about 100 feet above Finmark. (On C. P. R. profile Fin- 
mark is 1177 feet above sea level.) On account of recent cav- 
ing, many of the clay surfaces in the cuts were comparative- 
ly fresh. In two places, one at the bottom of a section 25 
feet deep, ditches had been dug out on that day. Weathered 
surfaces showed a distinct granular structure like the buck- 
shot soil of the lower Mississippi, but no lamination. The 
grains or little blocks are fine at the top of the sections, a six- 
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teenth to an eighth of an inch in diameter, but increase in 
size with depth, reaching two or three inches diameter. Old 
surfaces in the cuts are crusted over, and have lost their 
brightness of color, becoming grayish red. Underneath this 
crust the clay is loosened up and is soft and spongy for six or 
eight inches. The fresh wet clay in the ditches has the quali 
ty and fineness of cocoa butter and its purity and homogene- 
ous composition are quite remarkable. 

The railroad follows the creek pretty closely, but is most of 
the time 30 to 90 feet above it. The creek flows rapidly in a 
rather narrow trench cut mostly in stony drift. It frequently 
encounters rock ledges, and is much choked with boulders. 
The bottom of the clay rests generally on grayish colored 
drift in the bank of the stream 10 to 30 or 40 feet above the 
water. The red bed appears originally to have covered the 
bottom of the valley and extended up its sloping sides for 
some distance. But its whole surface so far as seen is deeply 
gullied, forming a series of ridges sloping down from the val- 
ley sides toward the creek. The railway cuts across the low- 
er ends of these ridges, and it was in these cuts that all the 
sections were seen. No part of the clay bed was seen which 
presented a plane surface free from gullies, but in one or two 
expanded parts of the valley the even tops of the ridges indi- 
cated the former existence of such a surface. The forms of 
the gullies suggest a considerable period of erosion. Their 
sides were no doubt steep bluffs at one time, but they have 
been worn down to gentler slopes and appear to have ^attained 
a stabie form. 

The Sunshine clays, as I call them, indicate an interesting 
incident of the glacial recession for this region, and they point 
clearly to a different history from that suggested by some of 
the early geologists who visited it. The clays themselves, 
while conspicuously lacking, so far as seen, in the horizontal 
laminations that generally mark fine deposits laid down in 
still water, are nevertheless, plainl}^ enough, waterlaid. Their 
extreme fineness and perfect homogeneity with entire absence 
of boulders, j)ebbles, gravel, and even of sand or silt, with the 
exceptions mentioned above, puts them outside of the class of 
boulder clay or ice-laid drift. There are places in the sections 
where a glance from a passing train suggests boulders in the 



Abandoned Beaches of Lake Superior, — Taylor. 119 

clay. But on closer axamination the boulders were all found 
to be projecting upward into the clay and really resting on 
the subjacent floor of drift or rock. In one case the clay was 
found abutting against an almost vertical bank of gravel 
which it had apparently once covered over entirely. 

The red clay extends nearly toNordland station but grows 
thinner toward Dexter and appears finally in only small 
patches here and there. Then comes a belt of sand and above 
that gravel. Bordering the edges of the marshes in some places 
north of Buda and south of Nordland there are small low frag- 
mentary ridges of gravel suggesting shore structure. This 
part of the valley appeared to be too narrow, however, to have 
built beach ridges by wave action. If they are shore forms 
they are probably made by ice-jamming as is often seen on 
small lakes. The altitude of these surface gravels lying next 
above the red clays is about 1530 or 1540 feet nbove sea level. 

. (930 or 940 feet above lake Superior.) I learned afterwards 
from Col. Dawson in Ottawa that there are old gravel terraces 
of shore origin on Dog lake towards the east (head of the 
Kaministiquia river) at about the s«me level.* 

Nothing whatever was learned of the boundaries of this lake 
or the situation of its outlet. The contour of 1540 feet, how- 
ever, would indicate a lake of considerable size, at least forty 
to fifty miles long and nearly as wide, and of very irregular 
shape, with an outlet most probably toward the southwest into 
the Rainv Lake vallev. Its waters must have been held in bv 
the ice-lobe that filled the Superior basin and stood as a wall 
across the eastward opening of the several valleys that con- 
verged to the lower Kaministiquia. The existence of a lake 
in this situation at this stage of the glacial retreat is quite 

. contrary to th(» views of souu* glacialists, who would have the 
area of lake Kaniinisti(iuia still covered by the Kewatin ice- 
sheet. 

Independently of tiiese considerations I had concluded that 
the faint stria* on the north side of Mt. McKay indicated 
ice-motion from east to west, slightly north of west. Hut ac- 
cording to Dr. Hell Louis Agassiz observed stria* in a valley 
near Ft. William ''running about due east.^f Considering 

*PoKRi})ly these are the same as those observed by Hind (1859) at Great 
Dog; porta^'e at 14'^) feet. 

t'^Geolo^'v of Canada," 18G3, p. 888. 
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what we now know of the iee-niotJon in tlie lak<.'busins uttlif 
vuriotis stHgep, it is hard to Met- bciw there ever foiild have 
been niotinn toward the eiisl at that place. 

There in unotlier area of red clay probably of thesame kind 
and of the same or slightly earlier age in Minnesota weet of 
tlic western extremity of lake Superior. It wa« probably laid 
down in the Hrst glacial lake of the Superior basin, before the 
opening of the St. Croix outlet and hence before the time of 
lake Diiliith. All these very red clays are evidently derived 
from ihe red mekp of the Nipigon series.* 

yijii'lioii. In going by train from Port Arthur to Jiipigon 
one sees a nniuberof interesting evidencen of tlie higher lake 
wiiters of the past. Sandy places and fragments of l>eachep 
are seen in several places. Prof. Lawson reports liere a pit- 
ted terrace-plain at Mackenzie backed by sea-clifl's, altitude 
497 feet, with another higher terrace. At Loon lake, ■121 feet 
above lake Superior, sandy gravel overlies the stony clay in , 
patches. At Fearl River, 21S feet above the lake, the (surface 
is a niass.i>f boulders and cobbles. East of the station there 
i« a finely formed bi*ach ridge of rather course gravel with 
Well rounded pebbles. It run- for some distance nearly par- 
allel wilh the track and appeared to spring from a rocky knob 
east of the station. It is cut on a long diagonal by the track 
just west of the rocks. Pebbles of bright red color and benn- 
tifully rounded are a large constituent. At a point about 
two miles east of Pearl River and Wl feet lower a narrow val- 
[ey l>etween bare hills is lloored with greenish yellow silt and 
clay ill linely laminated beds. In some places the line sedi- 
nierils take on a reddish tinge. Farther east a broad plain of 
these fiediments in beds with line horizontal laminations, wne 
crossed for several miW descending gradually from about 
S75 to 100 feet above the lake, and extending to Nipigon. 

No ground favorable for the higher beaches appeared to 
Bxist near Nipigon station. Lawson reports the apparent crest 

*lna li-1terlutbeaut^aB|^BHblKl<'l:tvR. Or. G. M. Daw- 
Hun, direi'lui'of tbeCaoa^^^^^^^^^n«y, \f-\\ kindly gave the 
fcilliiwiD).' refereueeB: ■■q^^^^^^^Hpiaoii.l Drift of the Nortb- 
weatern tsiutxa." 1B(U, ^^^^^^■■■ftilh''i>i>i^iii Coot., vol. xv. 
-'GeoloK} "i"l It««"»Ge«qn|^H||HW." 1H75. II. S13. Red clays 
of Minnos'itji are meatiga|^^^^^^^RJ«purts of that state. Those 
(lescribeil here ara »ton^^^^^^^^^HnJDr> Bell lu one of his early 
reports in the C»B*f^^^^^^^^^^^^^ 
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of a large terrace north of the station at 198 feet. The raost 
important observations made here relate to the Nipissing 
beach and the character of the bed of the Nipigon river below 
this level. A start was made for lake Nipigon. but the great 
"Wiggins storm" of S^pt. 22 to 24 found us about half way 
up the river and it was so violent that we were obliged to stop. 
So much of the brief time available for this trip was thus lost 
that we were obliged to turn back. 

The Nipigon is a large river, and is in reality the upper St. 
Lawrence. Being the outlet of a large lake and having no 
large tributaries along its course, it would be expected that 
this river would be clear, and so it is in its upper half except 
for the stain i»f the muskeg. Its lower course, however, is 
quite remarkable for its character of newness. In this part 
the river is cutting its clay and silt banks and is quite mud- 
dy. At the upper end of the long portage, nearly half way 
up to lake Nipigon, the river is clear. The banks along the 
w^est side of the river above and along the shore of lake Jessie 
are of gravelly glacial drift. The long portage passes around 
extensive swift rapids, the lower part of which were run in a 
canoe on the return trip. The head of the rapids is probably 
at least 100 feet above lake Superior, but was not accurately 
measured. Camp Alexander is at the foot of the long rapids. 
The river here crosses a ledge of gneiss with no certain evi- 
dence of recent cutting or gorge making. The rock on the 
north side appears to be in rather loose blocks, but on the 
south side the ledge is solid and smooth, though uneven. It 
appeared to be a glaciated surface which had i:ot been modi- 
fied much by the river. Perhaps the river has cut the ledge 
down five or ten feet, certainly not more, and this was done 
by removing blocks that were probably loose to begin with. 

From cam J) Alexander down to lake Helen, seven or eight 
miles, the river is nearly straight and flows with a current of 
two to four or live miles an hour in a comparatively narrow 
bed with low banks mostl}' of horizontal laminated clay and 
silt. Along the bank two or three feet under water the lam- 
inations were distinctly seen. Besides tlie finer lamina?, there 
appeared to be a harder layer every three or four inches. This 
projected i\ little over the softer layers next below, and these 
in turn rested (»n another harder layer. The bank under wa- 
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t«r was nearly vertical and these layers gave it an appearance 
resembling the weather boarding of a frame house. Where 
the river turns into lake Helen there is a delta of considerable 
proportions, composed apparently entirely of sand and silt. 
It is only a little below the water surface and bears a growth 
of rushes. A well marked shore line on the east side of the 
lower end of lake Helen was not measured, but appeared to 
correspond closely in altitude with the Nipissing beach. 

On leaving lake Helen the river flows rapidly for about a 
mile and makes a sigmoid curve, first to the east and then U> 
the west. In this stretch the river is now cutting its banks 
rapidly. First from the head of the outlet to a point some 
distance below the railroad bridge it is cutting its east bank, 
then from there to the Hudson Bay Go's store it is cutting its 
west bank. At the time of my visit the river was unusually 
low, but the clear water that issued from lake Helen flowed 
past the store in a milky stream. Below the eastward curve 
and directly southward down the valley from the bridge there 
is an extensive modern delta much like that in lake Helen. 
By its great bend to the west the river avoids this and passes 
around its west side. The conditions presented by the river bed 
below lake Helen show the extreme re<rentness of its adjustment 
to its present level. At two higher levejs in the vicinity of the 
railroad bridge there are terraces marking higher, wider chan- 
nel floors, the first next west of the present bed is 20 to 30 
feet above the present river and the next 50 to 60 feet. These 
two terraces evidently mark steps in the falling of the river 
from a higher level, apparently from the level of the Nipissing 
beach. Considering the fact that the barrier through which 
these old channels and also the present bed are cut is compos- 
ed of soft clay, sand and silt with gravels above and the fur- 
ther fact that there is no other restricted passage on the 
course of the river from lake Helen to the open expanse of 
Nipigon bay, it seems clear that the terraces are related to 
former levels of lake Superior, higher than the present, but 
lower than the Nipissing beach ; and the fresh condition of 
the present bed indicates very recent if not modern progres- 
sing relative elevation of this part of the coast. There are 
several faintly marked beaches on the slope between the 
station and the Hudson BayCo's store. Lawson gives beach- 
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es at 61.3 feet, 28.4 feet and 13 feet. The exact correlation 
between the beaches and river terraces was not made out. It 
is evident from the eastward slope of the terraces at the bridge 
that the bed of the river has shifted continually eastward at 
that point during the falling stages. 

East of Nipiijon. For much of the way from Nipigon east 
to Winston's tlie railway lies on laminated silt beds, usually 
between 20 and 50 feet above the lake. At Gravel river there 
are extensive gravel beds near the station which appear to be- 
long to a delta deposit made at a level considerably higher 
tiian the station wliich is 24 feet above the lake. They ap- 
peared to reach up at 40 or 50 feet above the station, but 
whether they belong to the Nipissing or a lower beach was 
not determined. 

At a point about a mile west of Winston's the Nipissing 
beach appears in tine form and a great ballast pit has been 
opened in it, showing false bedding with eastward pitch and 
sand overlain by clean gravels. The gravels at Winston's 
station are at a higher level (210 feet or more, Lawson). 

Schreiber. Lawson's observations at this point were veri- 
tied and one additional terrace about ten feet higher than his 
highest was found. About a cjuarter of a mile northeast of 
the station, along the base of the hills where a small stream 
comes in, there is a small terrace which seems to be the mod- 
ified delta of the stream. It is not wide, but is distributed 
some distance* al(>ng the base of the hill. Its features suggest 
that it marks a former level of the lake at about tOO feet. A 
day was spent at Schreiber and an excursion was made up the 
flat little vall(>y into tlie hills back of the town and up 
to the summit of those situated about two miles to the north- 
east, reaching a hight of 270 feet above the Hat. No evidence 
of higher submergence was found, although the little valley 
should apparently have atforded as favorable an opportunity 
for a delta deposit above 400 feet as it did below. Down 
toward the lake an etfort was made also to locate the Nipis- 
sing beach. Hut the brush was so thick along the trail fol- 
lowed that no satisfactory result was attained. There are 
several faint beaches covering an interval of a few yards be- 
low the highest beach, the most prominent being at about 345 
feet. Below this are clay and silt beds 35 feet deep. Only 
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the upper beaches of Terrace bay were seen from the railroad 
track east of Schreiber. 

Jackfish Bay. At this place and around the point about 
two miles east of Jackfish station, the old shore lines were 
found in magnificent form and all substantially as described 
by Lawson. The Nipissing beach appears here in one of its 
strongest types — a wide beach-plain with numerous beach 
bridges nearly at the same level. At Jackfish this long-lived 
lake shore is probably represented by Lawson's beach series 
between 85 and 110 feet above the lake, With the limited 
time at my disposal at this place 1 was unable to determine 
which beach stands for the upper mark of the Nipissing, but 
it seemed to lie between those at 103 and 110 feet. East of 
the point it was also difficult, from what I saw, to make out 
the exact upper level. Here, too, the beaches form a great 
ridged plain and appear to have been built almost wholly with 
material brought from the east where a great terrace at a high- 
er level has been cut away at the Nipissing and lower levels. 
The most prominent ridge on the plain and forming the front 
edge of a slightly higher plain than that which lies in front 
of it, is about half way between the railway track and the 
cabin of Duncan Maclntyre. The higher ridges of this series 
are often bouldery, especially on their inner or rear sides. In 
one place the boulders are four to six inches in diameter and 
they lie nearly two feet deep with no filling between them. 
The beach-plain back of this prominent ridge is very ridgy 
and uneven, with some marked basins, almost a pitted plain 
in some places. This area is a counterpart of the Nipissing 
beach-plain at Rogers (-ity, Michigan. Ten miles east of Jack- 
fish there is a fine series of beaches belonging probably to the 
Nipissing. Three miles west of Caldwell there are beds of 
white silt capped with sand at about 250 feet above the lake. 
Peninsula Jl arbor. This place is at the extreme northeast 
angle of lake Superior. Lawson visited it, but made no meas- 
urements, on account of fog. 1 found the top level about two 
and a half miles back from the lake on the south side of an 
(Mubayment, the valley of a small river that enters the lake 
north of the station. The whole slope has been burned over 
and the features of the ground are not much hidden by lat- 
er growth. The deposit which covers the slope appears to be 
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an old delta deposit of the Big Pic river which now enters the 
lake a few miles farther south. The highest mark of the an- 
cient lake was found at about 410 feet above the lake. On 
the upper plain two or three pits were found, one 20 feet deep 
and about 200 feet in diameter. From the upper level down 
to the Nipissing beach-plain there are several terraces and ill- 
defined beach ridges, the most prominent one about 260 feet 
above the lake. Here again, the Nipissing beach appears as 
a great beach plain with many ridges at altitudes close to 110 
or 115 feet (aneroid) above the lake. The material was ap- 
parently derived from the cutting of higher terraces towards 
the south and as they wore built northward across the eni- 
bayment they cut oil" a lower tract behind and formed a shallow 
marshy lake. The lake feeds a water tank for the railway, 
and the recently excavated trench for the laying of the pipe 
gives a characteristi<! exposure of beach material, sand and 
well-rounded pebbles. The ei\^^ of the plain back of the sta- 
tion and Mr. Mudge's house is bordered by a line of dunes 
from which a good view is had of the beach-plain back of 
them. The beaches below the Nipissing were not so clearly 
defined here, but one is fairly plain as a cut terrace at 40 or 
45 feet. Back of the station the Nipissing beach-plain is almut 
a mile and a quarter wide. Some of the ridges on the plain 
are sharply and beautifully developed in long parallel lines or 
curves, with lagoon hollows between. 

East of Pcin'nsuhi, The interval from Peninsula to Mel- 
gund was passed after dark, but a return trip was made nc^xt 
day from White river to the latter i)la<*e. The lower beaches 
were not seen. Hut at a point two or three miles west of 
Cache Lake station, a sand plain like sevt^ral others which 
mark the up[)er limit of submergence farther west was found 
backed by a S(»a-(!litf, the altitude being approximately 420 to 
425 feet. East of this along the course of the rapidly flow- 
ing White river to the hight of land near O'Brien and Amyot 
no sign of submergence was seen. 

The great liills between White river and Grassett, forming 
the hight of land in that part and rising 200 to 300 feet 
above the general plain are mostly moraines of the ice-sheet 
and their forms seem to show that they were made by ice 
coming from the northeast. Their position suggests that they 
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niaj' be partially interlobate in character, but distinct proof 
of this was not seen. The section in the great ballast pit at 
O'Brien shows glacio-fluvial action quite plainly. 

MissnuaihL A canoe trip was made up Dog lake to the 
low col which forms a part of the hight of land. The trough 
in which Dog lake lies is one of those curious deep rock-wal- 
led valleys that cross the wide, low crest of the Laurentide 
ridge at many places. Into this valley near the head of Dog 
lake a small stream comes in from the eastern side and the 
present division of the wat-ers is determined by tiie low broad 
delta which it has built since glacial times. The lake was at 
a very low stage at the time of my visit, but the crest of the 
delta was not over three or four feet above it and the creek on 
the north side flows away to Brunswick lake. Moose river and 
Hudson bay. At the high stage of springtime it is said the 
water sometimes flows northward over the delta. Much of the 
lake is deep. But there are boulderly narrows at several 
points that suggest either moraines or boulder spits made by 
the jamming of ice-floes. The boulders are mostly quite an- 
gular. The whole region is very boulderly, gneiss and granite 
predominating, and the boulders are almost all sharpl}^ angu- 
lar. The shore of the lake is in a few places of solid rock, 
but nearly everywhere it is merely a mass of angular blocks 
with all finer material washed out bv thr waves. This valley 
may have been the course of glacial drainage for a brief period. 
But I saw no evidence of a great glacial or post-glacial stream, 
nothing resembling the old-channel characters seen in other 
places. Xo evidence of submergence was seen in this vicinity. 
Striie at the station bear S. 88^ W. (Mag.) 

Summtn'}/ and Conchfsions. The higher beaches observed 
may be divided into two groups of localities, those clustered 
around Port Arthur and those near Jackflsh. Not counting lake 
Kaministiquia, the upper limit of submergence in the flrst 
group is about 400 to 450 feet above the lake, while in the sec- 
ond group it is about 400 to 425 feet. Between the two groups 
there is an interval of about 70 miles in which high beaches 
have not yet been r(»ported by anyone. (Highest reported by 
Lawsoii ;^()0 feet ;it Mazokaniali. ) It might be snpj)osed that 
the highest beach in the two grouj)s is one eontinuous line, and 
it sernis probable that this is the ease, but furtlier exploration 
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is needed to establish the connection. At Root river near 
Sault Ste. Marie Lawson's hijjjhest beach is the Algonquin, 414 
feet above lake Superior. Between this place and the Jackfish 
group it seems hardly conceivable that there could have been 
a glacial or any other kind of barrier, and hence the inference 
seems clear that the upper beach of Jackilsh group is the Al- 
gonquin. But there remains somn uncertainty, of the identi- 
ty of this beach in the west end of the Siiperior basin. 

No attempt is made here to correlnte the fragmcntar}^ inter- 
mediate beaches, tiiose at horizons between the Algonquin and 
Nipissing. The last named beach, however, was clearly rec- 
ognized at every i)lace where the lower coast was examined. 
It is about ()0 feet above the lake at Mt. McKay and Port Ar- 
thur, 90 feet at Nipigon station, 105 or 110 at Jackfish and 
two miles east of there and 110 to 115 at Peninsula Harbor. 
Its great lengtii, compounded of many beach ridges forming 
beach-plains, gives it a physiographic prominence that is not 
equalled by any other shore line of the lake region.* 

Several rather light but distinct beaches were found below the 
Nipissing, especially in the extreme north where the Nipissing 
beach is highest. The probable existence of at least one such 
bench was inferred from the observations of 1898on the south 
Superi(>r shore, and it was called the Sault beach because it 
appeared to hinge on the outlet at Sault Sl(^ Marie. On the 
south shore it is now all submerged and aj)pears to lie about 
50 feet below the Nipissing beach. It was estimated that it 
would be found somewhnt more than 50 feet below the Nipis- 
sing along the north shore. The beach 28 feet above the lake at 
Nipigon, \Vi\ feet at Jackfish ami 40 to 45 feet at Peninsula 
seems to meet this eypectati(»n. The fragments so far found, 
however, are too few to warrant more than a provisional cor- 
relation. 

Until the attainment of the results hen» presented the hy- 
pothesis entertained with most favor in explanation of the 
high shore lines of the Sup(»rior basin was that they were of 
marine origin. It was exj)ected that the Algonquin beach 
would he found at a higher level than has been observed on 
the n(>rth shore and tluit thcM'e were straits northward to Hud- 
son bay through tlic^ passes at Kenogami lake near Jacklish 

*Am. (Ieol., Vol. XV, March 1895, pp. 105-107; May, 1895, p. 312. 
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and at Missa^iaibi. According to Lawson the altitude of the 
cols in these passes is 600 feet and 440 feet above the lake re- 
spectively. Measuring from Missanaibi station, however, the 
latter col proved, according to the Canadian Pacific railway 
profile, to be about 515 feet or 75 feet higher than the altitude 
given b^ Prof. Lawson. If the Algonquin plain is approxi- 
mately even from Cache lake to Sault Ste. Marie this would 
leave the col at Missanaibi about 85 or 90 feet above the beach, 
and the col near Jackfish isnearl}^ the same distance above the 
beach at that place. So the idea of straits to Hudson bay had 
to be given up and with it also the hypothesis of marine ori- 
gin for the higher beaches. Subsequent observations in the 
Ottawa valley fully confirm the alternative hypothesis, name- 
ly, that the water which made the high shorelines of the 
northern lakes was held in place by a great ice-dam in the 
Ottawa valley, and that these lakes were incidental to the re- 
treat of the ice-sheet.* 



EDITORIAL COMMENT. 



Light ix the East. 
The following extract is from the Popular Science Monthly 
of July : 

Dr. Elpcnezer Knimons and the Olenellus. Durinjf the geological sur- 
vey of the state of New Y'ork which, coiumenced in 1836, wasaliuost the 
first of the geological Burveys that were entered « [Km and properly pros 
ecuted in the United States, there was a marked difference of opinion 
between Prof. Eb(*nezer Emmons, of Williams College, who had charge 
of the portion of the survey that embraced the rocks of western Massa- 
chusetts and th(» upp<»r waters of the Hudson, and his associate geolo- 
gists, which finally terminated in a bitter iHTsonal antagonism and 
almost total ostracism of Dr. Emmons. The point at issue was mainly 
the relationship in respect to position and age of the r(x:ks in question, 
especially those typified by the strata of Greylock mountain and the 
n<K>8ic valley. The position taken hy the majority of the associate ge- 
ologists on the survey was that the 8<^)-called Silurian system of rocks 
constituted the base of the fossil iferous rocks of New York, and infer- 
entially of the whoh* country, and that the so called "Potsdam saud- 

'^Am. (Jkol., vol. XVII, April ISlHl, pp. 25:} 257. 
Am. Gkol. vol. XVIII, August 189G, pp. lOS 120. 
Inland Educator, Terre Haute, Ind. April lyjM), pp. 138-145. 
"Studies in Indiana (ieotrraphv.*' Inlanil Publishing Co.,Terre Haute. 
Ind. 1897, Chapter x, pp. 104 105. 
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stone'' was the lowest fossiliferous member of this system, and in fact 
marked the dawn of life upon the planet. Dr. Emmons, on the contra- 
ry, claimed that beneath the oldest member of the Silurian system there 
was an older and extensively developed system of fossiliferous rocka to 
which ho gave the name **Taconic,'* and exhibitt»d an entirely new and 
characteristic fossil not before recognized or described and which re- 
ceived the name of *'01enellus." For all this Dr. Emmons received lit- 
tle or no credit, and among geologists was n»garded as visionary and 
something of a humbug. But time at last has brought its revenges, for 
at the last meeting of the British Association for the Advancement of 
Science (Liverpool, September, 1896), Mr. J. E. Marr, F. R. S., presi- 
dent of the geological section, in an address reviewing the recent pro- 
gress in this department of science, took occasion to speak of the *'01e- 
nellus," whose first discovery he attributed to Dr. Emmons, as charac- 
terizing a zone of life much older than the Silurian system, and as 
**furnishing us with a datum line from which we can work backward,'* 
and ppssibly prove the existence of a fauna of a date anterior to the 
formation of the Olenellus beds. So that Dr. Emmons, in place of be- 
ing wrong in his observations and deductions, in 1845, [1844, N. H. W.] 
did really find the fossil he described, and rightly located the rock con- 
taining it in the geological horizon: and was thus entitled to take the 
lead at that time over all his American and European colle.ngues. 

The fact that the discovery of tbiP zone of life is n(»w at- 
tributed to Dr. Emmons by a leading p]nglish geologist, when 
contrasting that zone with the Silurian system of Murchison, 
is gratifying to American geologists. It would be more grat- 
ifying if the legitimate and usual consequences of that prior- 
ity were also accorded to Dr. Emmons, viz, that the name by 
which Dr. Emmons designated the rocks containing such 
fauna should be generally recognized and employed. There 
are but few instances in the records of science of more glar- 
ing and numstrous injustice than that which, with the con- 
nivance of American geologists, has deprived Emmons and 
American geology of the honor of giving name to that forma- 
tion. It had no conflict with (.'ambrian, because that collided 
with Silurian, creating the great controversy with Murchison. 
It is only by shifting the significance of Cambrian, and ap- 
plying it to lower strata that that term has acquired use in 
place of the term Taconic. Modern American geologists, 
und(»r the guide, at first, of partisans against Emmons, have 
very largely fallen into this error. We look to see the cor- 
rection come from the other side of the Atlantic, and chiefly 
from those countries which are not affected by the exclusion 
of either term. n. h. w. 
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REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 

Geological Survey of Canada. Aiimial report, ISOo. Dr. G. M. 
Dawson has issued his yearly report for 1895. It is a volume of more 
than a thousand pafj^es and is accompanied with four maps of the Lab- 
rador peninsula. The first report is that of the director himself and 
contains a summary of the work. Among the items of interest the bor- 
injf at Athabasca Landing is to be noted. It has now attained the 
depth of 1731 feet. The object of the work is to reach the basal sand- 
stones of the Cretaceous series which at their outcrop westward are so 
heavily charged with bitumen as to be called the '*tar sands.'- These 
were looked for at a depth of 1200 to 1500 feet. But it has become evi- 
dent that the overlying Cretaceous beds are thicker than at the outcrop 
and Dr. Dawh:on is now prepared to go to a depth of 2000 feet, though 
the drift is expected to reach the **tar-sands'' at about 1800 feet.* The 
great quantity of bituminous matter yielded by these strata is the rea 
son for undertaking the work, and if it proves successful the advantages 
must be enormous in a country where fuel is scarce and dear. 

A summary report on the season's work in British Columbia (chiefly 
on the mining regions) on Manitoba and Keewatin, on the better 
known but still only half explored eastern provinces of Ontario and 
Quebec, on the wilderness of the Labrador peninsula and on Nova Sco- 
tia comprise the director's report, which includes the labors of Messrs. 
Chalmer, Ells, Giroux, Fletcher, Tyrrell, Mclnnes, White, Ferrier. 
Lawson. Ingall, Ix)w. and <m pale<mtology by Messrs. Whiteaves and 
Ami. 

In the .Athabastra region Mr. Tyrrell reports above the Archean, the 
Huroniau, Cambrian, Cretaceous and Pleistocene strata, the last three 
lying horizontal. Their thickness can const^quently be ascertained only 
by indirect means. To the C^ambrian sandstone and conglomerates he 
assigns a depth of about 400 feet. On the Cambrian area east of the 
Athabasca river no later rocks appear. '*If any were deposited they 
have since been denuded away." 

It is difficult to understand the following sentence after reading the 
al)ove: *'In the northwest portion of the district Devonian limestone 
was seen outcropping in the bottom of a small tributary of the Atha 
basca." 

The Cretaceous rocks range from the Dakota sandstone up to the 
Pierre shales. Mr. Tyrrell adds: "After the closi? of the Cretaceous 
period a time of continental elevation set in which appears to have con- 
tinued through the Tertiary to the present." Of the Pleistocene Mr. 
Tyrrell says: '*The most conspicuous and interesting drift-hills occur 
in the basin of Cree lake, round Black lake and on the bank of Stone 
river. They arc steep, narrow ridges parallel to the direction of glacia- 
tion with the sides joining on a crest that may be less than a yard wide 
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They average from a quarter of a mile lo a mile in length and vary from 
10 to 250 feet in hight.'' 

Their shape, material and position lead the author *Ho believe that 
they were formed in narrow gorges in the ici^-sheet intt) which streams 
flowing on the surface plunged and carried their load of detritus." 

Dr. Adams presents a report on the geology and resources of that part 
of the Lauren tian regitm lying north of the island of Montreal. He 
gives a detailed account of his petrographical work on the minerals of 
the gneiss, with illustrations of the way in which tbe\ have sufferecl. 
and on the severe earth-strains to which they have been subjected since 
their formation. Crystals of quartz, feldspar, etc., have been crushed 
or flattened down into thin laminae and *'augen gneiss" in many cases 
.developed. A note is added on some of the anorthosites of other parts 
of Canada and foreign countries for comj)aris(m with the Morin anorth- 
osites and others from Canada. These rocks occur in immense masses 
in Canada, the United States, Norway, Russia and Egypt. 

A second report by the same author deals with the smelting of the 
titaniferous iron ore according to a process advocated by A. J.Rossi 
of New York. These ores have of late years gone out of favor after a 
time of great popularity, but Dr. Adauis seems to think that they are 
now unjustly neglected and should be used in C'anada as they are in 
some other countries. He reprints a ])aper by Mr. Rossi read before the 
Amer. Institute of Mining Engineers in February, 1893, giving details 
of the nuxle of treating these ores. 

Mr. Lf>w reports on the Labrador peninsula the results of four years' 
labor. Much of it is not geological and is therefore not relevant here. 
He says: ''The peninsula of Labratlor is a high rolling plateau, which 
rises stmiewhat abruptly, within a few miles of the coast, to a hight of 
ir)00 to 2(K)0 feet. The inlericir is undulating with ridges of low, round- 
ed hills that seldom rise more than M) feet above the general level. 
This, near the central watershed, varies from KKH) to 18(K)feet, which 
may be taken as the general hight of the interior of the peninsula. The 
highest part of the main interior mass is near the high granite area be- 
tween the headwatt*rs ot ihe Peribouka, Manicuagan and Outardes riv- 
ers, flowing into the 8t. Lawren(,'e: the East Main and Big rivers, flow- 
ing into Hudson bay, and the Koksoak, flowing into Ungava bay. Its 
general elevation exceeds :2(.HK) feet. The interior is almost flat s<^) that 
in an area of 200,(KK) scjuare miles there is not aditl'erence of more than 
300 or 40'J feet. Jt is covered with myriads of lakes occupying at least 
tme-fourth of the total area. Some exceed o()() square miles. Many 
are mere ponds. 

**The channels of most of the rivers (»f Labrador are of very ancient 
origin, api)arently dating back to a ])eri(Kl before the dej)osition of the 
Cambrian rocks, and have been mainly formed by normal erosion.'' 

Full details of the geography compose the remainder of the report, 
and that of Mr. Il(»trnian, which follows, gives all particulars of the 
chemical and luineralugical work done in the laboratory at Ottawa dur- 
ing the year. E. w. c. 
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Extrusive and intrusive igneoua rocks as products of mogmatic dif- 
ferentiation. J. P. iDDrNGS. (Quart. Jour. Geol. Soc, vol. lit (1896) 
pp. 606-G17). In a recent important publication (Eruptionsfolge der triad - 
ischen Eruptivgesteine bei Predazzo in Stldtyrol) Prof. W. C. BrOgger 
expressed dissent from some of the inferences of Prof. Iddings from his 
study of the rocks of Electric peak and Sepulchre mountain in the Yel- 
lowFtone park, and in this paper Prof. Iddings explains more fully the 
relations of those eruptions to the whole series of which they are but a 
part. Brdgger's chief criticism, or difference of opinion, was based on 
the idea that the extruded rocks examined by Iddings were of a limited 
amount and extent, and that the primary differentiations of the deep- 
seated magma should be determined by a study ul deep seated and not 
of effusive rocks. Iddings sketches the volcanic history of the great 
floods of Montana, Idaho and Wyoming, as follows : 

At the end of Cretaceous time there were great orogi-aphic movements 
by which the region was profoundly faulted and dislocated. Volcanic 
action began at this time, and fragments of igneous rocks are included 
in the sandstones immediately overlying the coal-bearing Laramie, which 
witnessed the close of the long period of quiet which had prevailed dur- 
ing Paleozoic and Mesozoic times in that regitm. After this upheaval 
there was extensive surface denudation whereby the sedimentary strata 
were entirely removed from off the underlying crystalline schists. Into 
these disturl)ed strata the igneous material was forced, and upon the 
uneven surface of the country it was spread out, covering crystalline 
schists in onex)Iace, and upturned sandstones and limestones in another. 
In most cases the character of the eruptions was extremely violent. At 
first they were largely explosive, shattering the surface rocks, whether 
gneiss or limestone, and scattering them broadcast to form the first 
layer of tuff-breccia, or to be ultimately mingled with the fragments of 
lava. The explosive character prevailed until a great accumulation of 
tuff-breccia formed a chain of lofty volcanoes comparable with those 
of the Andes in size as well as in the nature of their material. The later 
eruptions from these volcanoes were quieter outflows of lava, which 
probably took place after position of the volcanic conduits had become 
more stationary. En^sion having carried away the upper parts of these 
great cones, the remaining portions are almost equally made up of brec- 
cia, in pla<rPH 400() feet thick. 

The last of the great eruptions were equally violent, though of a dif- 
ferent kind. They were gigantic fissurf-eruptions that flooded the re- 
gion west of the chain of denuded volcanoes with massive streams of 
lava that rose high up on the flanks of the surrounding mountains, and 
then flowed toward the southwest, leaving when cooled and after erosion 
had somewhat reduced the surface of the stream, a vast sheet of lava 
\\i least 10(H) feet thick in most places, and over 2000 feet thick in some 
parts. This was followed by other outflows from fissures that flooded 
the region for hundreds of miles to the southwest and west and closed 
the peri(xl of activity. Within the Yellowstone park the earliest brec- 
cias were accumulated in Eocene time, and the great bulk of the Absa- 



Review of Recent Oeoloyical Literature, 133 

roka volcanoes id Miocene, while the great fissure erupti<ins just men- 
tioned took place in the Pliocene. 

A map accompanies this sketch showing the surface distribution of 
these three parts. 1st the audesyte, !2nd the rhyoliteand 3rd the basalt. 
The volume of igneous rock emptied to form the andesytes of the Absa- 
roka range and the surrounding areas is estimated, within the bounds 
of reason, at 4000 cubic miles. The floods of rhyolite that escaped at 
the time of the great fissure eruptions now cover an area 50 miles from 
east to west, and 90 miles from north to south, and it continues further, 
but is covered by later basalt. The volume is much more than 400 cu- 
bic miles. The basalt which issued later from vents or fissures further 
west, must have a volume of at least 700 cubic miles. These vast ex- 
trusions manifest fixed variations in acidity, establishing, in the view of 
Prof. Iddings, the general law that first come erupticms of medium acid- 
ity (andesyte) followed by very acid (rhyolite) and then by very basic 
(basalt), the latter two U»ing closely associated and representing the 
complementary extremes of differentiation. He concludes : ** It was 
upon evidence of this order that I ventured to enunciate the principle 
that in a region of eruptive activity the succession of eruptions com- 
mences in general with magmas representing a mean comj)Osition and 
ends with thost^ of extn'me compoHiticm." n. h. w. 

On the southern Devonian formation. H. S.Williamk. (Amer. Jour. 
Sci., (4) Jii, 3l»3-40.'J.) In this Prof. Williams has attempted to restore 
some of the features of the Devonian geography of the eastern part of 
this continent. Every such contribution is welccmie to the student of 
paleozoic geology, and Prof. Williams has made so extensive and contin- 
ued a study of the subjetrt, eRi)ecially in its paheontolngic aspects that 
whatever he puts forth dest^rves careful consideration. 

In grappling with thes<^ problems the author frankly confesses the 
immense difficulty which some of them present. Wc owe t^) him very 
largely the indications of what seems to be at least a probable opinion 
that a radical change occurretl in the mid-Devonian life of the* .-\ppala- 
chian region by the immigration of a fauna hitherto existing in the 
northwest. But as with others it is ni»t easy for Prof. Williams to indi- 
cate where lay the barrier whose removal allowed them jiassage. That 
the Wisconsin peninsula extended far enough southward to bar the 
way seems very difficult of admission and yet no m(»re plausible theory 
can be at present put forwaril. 

But the problem of fhe great black shale is the one to which Prof. 
Williams has chiefly turne<l his attention in the tract before us, and of 
this he says frankly: ''I have been unable to arrive at any satisfactory 
explanati(m of it." 

A recent study of this shale in Virginia, Tennessee ami Kentucky, 
where in some cases it is of unusual thickness, addtnl nothing to the 
scanty fauna. lUit Prof. Williams has been led by this work to venture 
the opini<m that the material of the black shale was not derived from 
the east but from the western side of the channel or gulf of Appalachia. 
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Prof. Williams' atteaipt to explain the Oriskany sandstone aho, while 
removing? one of the difficulties connected with it, appears to intnKluce 
another. Attributing: the Oriskany sediments to a subsidenceof land to 
the northeastward, opening communication with the ocean in that di- 
rection, he would thereby account for the purity of the Oriskany fauna 
and sediment in the northeast corner of the basin. But when we review 
the Silurian history w^e can scarcely doubt that this passage was con- 
tinuously open long before. The existence of Lower Helderberg lime- 
stone? and of deposits, probably Corniferous, along the whole line from 
New York to the northeast at intervals, and the close resemblance be- 
tween the Upper Silurian fauna of the two sides of the Atlantic almost 
compel us to admit the existence of free water communication with the 
Atlantic of that day, and apparently preclude our attributing the for- 
mation of the northeastern channel to the Oriskany sub-era. 

Prof. Williams concludes by stating in words several geological and 
paleontological propositions whose truth (rannot be douVjted but which 
are not always kept in clear view by writers on these difficult problems 
of American geology. e. w. c. 

The Newark System. Report of progress. Henry B. KCmmel. 
(From the annual rep<:)rt of the State Geologist of New Jersey for 1896. 
Trenton.) These rocks in New Jersey are divided into three parts, the 
Stockton, the Lockatong and the Brunswick, in ascending order, not in- 
cluding the traps. The'se divisions are based on lithological differences 
although these differences are not abruptly separable. 

The Stockton series embraces (a) coarse, more or less disintegrated 
arkose conglomerates: (h) yellow, micaceous feldspathic sandstone: (c) 
brown, red sandstones or freestones, and {(f) soft red, argillaceous shales. 
These parts are interbedded an^l many times repeated, but the charac- 
teristic beds are the arkose conglomerates. 

The Lockatong series, next al)ove the Stockton, consists of hard dark 
colored shales and flagstones, sometimes carbonaceous. They are some- 
times hard, massiv*^ black and purplish-black argillytes which break 
sharply in any direction with a conchoidal fracture. The flagstones are 
dark gray and green. 

The Brunswick series.ccmsists essentially of shales, with a few sand- 
stone layers. They are prevailingly red, but vary locally to purple, 
green, yellow and black. 

These three sories are quite distinct toward the southeast, but they 
lose to sf)me extent their distinctive characters when traced toward the 
northwest border. 

The thickness of these x)arts is expressed, after careful calculations 

and estimates, as follows: 

Stockton 4.7W) feet 

Lockatong .3.(^00 feet 

Brunswick 12.000 feet 

Total L>0,:500 feet 

trfjiB are both intrusive and extrusive, a fact that shows a co- 
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temporary state of volcanic activity durinp: the Newark system. In 
contact with the frapinental strata the traps have in some places caused 
a generation of epidote and tourmaline and a general hardening: and 
«oraetime»8 a nodular and spotted aspect, as if crystallization had begun 
to act at innumerable points. 

This report is to be followed by a final memoir when the whole field 
has been studied. n. h. w. 

Observations on P(*pncatepefl and l.vtaccihuatly in'ih a review of 
the geographic and geologic feat nres of the mountains. Oliver G. 
Farrin(jton. (Field Columbian Museum. Geol. Series, vol. i, no. 2, 
1897.) Mr. Farrington has succpeded in a-lding much to our knowl- 
edge of these mountains, as well as condensing most of what was before 
known from earlier explorers. TJie description is accompanied by sev- 
eral photographic plates of the crater of Popocatepetl and of the glacier 
named Porfirio Dias V)y Heilprin, of which latter he gives the first ade- 
quate description. He found that this glacier, like many others of 
North America, is in a state of retreat. Popocatepetl is an extinct vol- 
cano, but Prof. Farrington is inclined to believe that Ixtaccihuatl gave 
forth only fissure flows of lava. This opinion is based on the homogen- 
eous and compact nature of the igneous rock of which the mountain is 
so largely composed, and the elonjj:ated form and direction of the valley 
in which the glacier lies, and on the aVjsence of any known centre of 
volcanic a(!tivity. Of the two it is the older mountain, and is supposed 
to be about a thousand feet less high than Pox>ocatepetl. The rmik in 
both is essentially andesyte but with variations of texture. However, 
according to the Mexican geologists Aguilera and Ordonez the earliest 
eruptions of Po]K)catepetl were basic basalts, with olivine, the order of 
the variation in mineralogical (.'omposition being different from that 
found by Iddings in Electric peak. n. h. w. 

The f niter's earth of Sttnth Ihikota. Heinrich Rejs. (Trans. Am. 
Inst. Min. Eng., July, 181)7.) This clarifying and decolorizing agent 
has not been known in this country until within the past two years, 
when it was announced from Florida by the United States Geological 
Survey. Mr. Reis describes it from Fairburn, Custer county, and from 
Argyle and Minuekahta, South Dakota, giving several analyses. The 
deposits arr large and arc likely to take the place in this country en- 
tirely of that iiufKirted hitherto from England. n. h. w. 

Twentij- first an mini rcpitrt of the d^'partnient of geoUujif (nid nain- 
ml rrsonrc's, Inditina, \V. S. Blatchley, state geologist, Indianapo- 
lis, 18J)7. Mr. Hlatchley has chapt^^rs as follows: The natural resources 
of ludiajia: The pc^troleum industry in Indiana; Indiana caves and 
their fauna: A catalogue of the uncultivated ferns and fern allies and 
the flowering plants of Vigo county. Indiana. Other contributors t4> 
this report are: W. A. Xoyes, Composition of Indiana coals: Hans Da- 
den, Some notes on the Black slate or Genessee shale of New Albany, 
Ind.: AuLTUst F. Fo«M\ste. Report on tiie geology of the middle and up- 
per Silurian rocks of Clark, Jetferson, Ripley, Jennings and southern 
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Decatur counties; T. C. Hopkins and C. E. Liebenthnl, The Bedford 
oolitic limestone of Indiana; J. C. Leach, Report of the state natural 
gas inspector; Robert Fisher, Report of the state inspector of nunos; 
C. F. Hall, Report of the state inspector of oils; J. T. Scovell, Geology 
t)f Vigo county. 

This volume is well printed and well illustrated and contains valuable 
scientific and economic rei)orts, and is a credit to the State of Indiana. 

N. H. w. 

The Building Materials of Pennsylvania. 7. Brownstonetfj T. C. 
Hopkins, Assist, professor of economic geology in the Pennsylvania 
State college. (Appendix to the Annual Report of the State college, 
1896.) There is no better way than this, in which the state universities, 
especially those which have agricultural and mecbanical departments 
or experimental stations, can serve the State and demonstrate their use- 
fulness. At the same time such investigations, directed by scientists, 
are sure to make important contributions to geology. Further a pure- 
ly economic report, in the hands of the ordinary statistician, lacks au- 
thority and influence as it lacks a scientilic basis. It may be a ques- 
tion whether it is not too much the custom to confine these institutions 
to practical agriculture and such chemical researches as grow out of it. 
A few of them have instituted quasi-geological surveys as a basis on 
which to exploit all other economic, and especially agricultural research- 
es*. It is to be hoped, as it seems probable, that the authorities of the 
Pennsylvania State college will continue this series of economical 
reports. N. H. w. 

iJf'veiopment and mode of growth of Dijjloyraj^tus, McCoj/^ R. Rued- 
KMANN. (Report of the State Geologist [New Vork) for l8iJ4.) This pa- 
per gives the results of a careful study of graptolites found in eastern 
New York in the Lower Silurian. The delicate, often linear, stipes 
which are the commoneet form in which these fossils appear, w»'re 
found by Hall to radiate from a centre, or central disc, branching si:)me- 
times intt) spreading fronds with many radii. The special object of la- 
ter observers has been to elucidate the structure and functions of this 
disc. Within this horny disc are globular vesicles which are sometimes 
eight in. number. Each vesicle contains a capsule varying from oval to 
club-shaped, with a firm test whose interior oflFered no obstruction to 
the entrance of sediment. These vesicles also contain the so-called 
**sicuhe." It was obvious that the vesicles are reproductive organs, and 
comparable ty those of the living Sertularians. The author gives in d(»- 
tail, with references to figures drawn from specimens, the process of ile 
velopment of Dtphgraptns pristin. n. h. w. 

Aricsittn wells in southern and n(trthern Neiv Jersey and in the Cre- 
taeeous strata <\f Long Island. Lkwis Woolman. (From the report of 
the state geologist of New Jersey for 181K). ) This report ccmsists j)rin- 
cipally of the records of deposits in the areas mentioned. Deep wells 
in New Jersey draw water from six principal water horizons, partly in 
the Cretaceous and partly in the Miocene. n. h. w. 
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Ahram Geaner; A review ofhia scientific work, G. F. Matthew. (Bul- 
letin XV, Nat. Hist. Soc. New Brunswick, 1897.) This is a companion 
and supplement to Bulletin No. xiv which contains a sketch of the life 
and character of Gesner by his son, W. G. Gesner of New York. These 
together amply set forth and will serve to perpetuate the important 
work that was performed in the extreme eastern provinces of Canada 
by this geological pioneer. This work is not a mere list of the publish- 
ed books and papers of Gesner, but Dr. Matthew has added many dis- 
cussions and comparisons, with critical comments, apropos of the co- 
temp(irary literature. Not the least interesting is the history of the 
Graywacke system of New Brunswick, the lower part of which in his 
last report (1843) Dr. Gesner classed as Cambrian on account of the 
scarcity of organic remains. Gasner's geological map of a part of New 
Brunswick is reproduced in black characters. n. h. w. 

The Cretaceous clay marl ejcpnanre at Cliff wood, N. Y. Arthur 
HoLLiCK. (Trans. N. Y. Acad. Sci., xvi, Jan. 1897.) Some of the re- 
sults of the assiduous study of Mr. HoUick on the Cretaceous deposits 
of th(^ Atlantic coast are here given. To the flora which has already 
been described Mr. Hollick adds a number of new species, n. h. w. 
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Arctic Exploration. Lieut. Peary this year takes several 
parties to Greenland for scientific purposes, landing tlieiu at 
BODie points selected by themselves, while he goes farther 
north to initiate plans for a grand expedition next yc^ar in 
search of the pole by way of cape Sabine, and to procure the 
great mass of native iron which it was found iniposhiVjle t(» 
handle last yt^ar. The parties who accompany this expedition 
are as follows: Prof. C. II. Hitchcock and a number of assist- 
ants who will "^pend the summer in the region of Ivigut for 
the ])urpose of glacial investigation and for the study of ruins 
of the old Norse colonies; H. \V. Porter who goes to Hatfin 
land at Forbisher strait, who will remain for a year's explora- 
tion of the interior north of Forbisher bay and west of Cum- 
berland sound ; Charles Seliuchert and David White for the 
study of the fossil localities of the Noursoak peninsula, and 
for the collection of fossils, a region renowned for the fossil 
flora described by Ileer; and others not for geological pur- 
poses. 

The geological society of America has taken favorable ac- 
tion, at the instigation of Lieut. Peary, looking to concerted 
efforts for the more systematic surv(*y of the northern coasts 
of North America. 

Prof. F. IL Williams, Jr., is inakinga survey of the **Kan- 
san" drift in the vicinity of Warren, Pa., a continuation of 
his investigations begun in 1892. 
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Johns Hopkins University. Geo. B. Shattuck, Ph. D., 
re(5entlj fellow in geology, has been appointed assistant in ge- 
ology. Cleveland Abbe, Jr., has been appointed fellow in 
geology. 

Yale University. Dr. Chas. E. Beecher has been made 
full professor of historical geology in the University. Dr. L. V. 
PiRSsoN has been made full professor of physical geology in 
the Scientific School. Both gentlemen have been put on the 
Governing Board of the Sheffield Scientific School. 

Appletons' Popular Science Monthly for June contains an 
account, accompanied by p(»rtraits of several geologists, of the 
coming meeting of the International (Jon^ress of Geologists 
at St. Petersburg. There is also a sketch of Richard Owen 
written by Pres. D. S. Jordan. 

The American Microscopical Society will hold its next 
meeting at Toledo, first week in August, guest of the Toledo 
Microscopical Society. The president is Dr. E. W. Claj-pole, 
Akron, Ohio, and the secretary is Dr. AVm. Krauss, Buffalo, 
New York. 

The School of Mines of Pennsylvania State College is 
endeavoring to supplement to some extent the State geological 
Survey reports by publishing papers on the economic products 
of the stale. Prof. T. C. Hopkins of that school prepared last 
year a r(4)ort on the brownstones of the state and this summer 
is at work on the clays of tlie west part of the state. They 
expect to continue the work on other economic subjects so far 
as the time and means permit. 

Geolo<;ical Survey of West Virginia. A bill providing for 
a geological survey of this state was passed by the legislature 
at its last session. It puts the survey under a commission 
made up of the governor, treasurer, president of the West 
Virginia I'nivcrsiiy, president of the State Board of Agricul- 
ture, and the director of the West Virginia Agricultural Ex- 
periment Station, who serve without compensation, except ac- 
tual expenses. They appoint as superintendent of the survey 
a geologist of n'putatu>n, and such assistants as they deem 
necessary. The objects of the survey are: an examination of 
the geological formation of the state, with special reference 
to economic products; nn examination of the soils and their 
adaj)tiibility to particular crops; an examination of forests: 
a study of the ]>hvsical features af the state with refereiK-e to 
their practical hearing upon ocirupations. industrial develop- 
ment and material prosperity of thepef»ple; the preparation 
of special geological and economic nia])S to illustrate* the re- 
s«mrces of the state, and the pn^paration of special reports 
on the p^eology and state resources. (Knfjinecrinff and Mhu'tHj 

Jnuntdl.) 
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Nature of the Study, Professors Chamberlin and Salisbury 
have recently* described very fully the conditions along the 
margin of numerous valley glaciers, and valley glacier tongues 
of the Greenland ice cap, notably those in the Inglefield gulf 
region. They have also described some of the features along 
the margin of the main ice cap. It seems unnecessary to dupli- 
cate this description by the statement of observations of sim- 
ilar phenomena made upon the smaller glaciers of the Upper 
Nugsuak peninsula region. However, some features seen by 
us differ from those described bv these authors, and some of 
the characters described by them were not observed. It 
therefore seems important to state in some detail the condi- 
tions found along the margin of this part of the ice cap. 

Aside from the study of small glaciers and of the evidence 
of former glaciation in the Upper Nugsuak peninsula, consid- 
erable time was spent in the examination of the large glacier 
which terminates in the sea at the head of the deep fjord on 
the south side of this peninsula. The name Cornell glacier 
was given to this hitherto unnamed ice tongue, whose source 
of supply is the great Greenland ice cap. It comes down to 
the sea in a broad valle}^ which at a distance of five miles from 
the front is bounded by mountainous valley walls not less 
than twenty miles apart. As it proceeds toward the sea the 
glacier narrows between the mountainous valley sides, and 
when it ends in the fjord the distance from the north to the 
south margin is seven or eight miles. It has not a continuous 
sea face, but is interrupted by a partial nunatak, whose sea 
front is about 1.8 miles. This nunatak called mount Hope 
divides the glacier into two unequal parts, the northern arm 
being about 1.4 miles long and the southern arm 4.6 miles. f 
There is, therefore, a total sea frontage of about six miles, 
and a curved line parallel to the front of the glacier and one 
or two miles from the sea, is nine or ten miles long. 

The northern margin of this peninsula, for a distance of 
about ten miles, and the contact \vith the nunatak, mount 
Hope, were studied in some detail, and the surface of the 
front of the ice was also examined. With Messrs. Martin and 

*Jour. Geo!. 

t These measurements were obtained from a map, for the preparation 
of which I am indebted to Mr. J. A. Bonsteel of the Cornell party. 
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Bonsteel I made a journey over the ice to a nunatak which 
rises above the glacier at a distance of eight or ten miles from 
its margin. This nunatak, named mount Schurman,* was as- 
cended, and its contact examined. We therefore obtained a 
rather clear idea of the conditions existing on and at the mar- 
gin of a part of the Greenland ice cap, and also of a single 
great glacier tongue extending from it into the sea. 

Back Fragments on the Ice Surface. Excepting at its base, 
where it comes in contact with the moraine and the nunataks, 
the ice, so far as seen, was absolutely free of all debris ex- 
cepting of two kinds. Near the sea, and in fact as far as we 
went out upon the ice, to a distance of six or eight miles from 
the terminus, the glacier surface was pitted by the dust wells 
which have frequently been described. These were of impal- 
pable dust, evidently blown from the land. Professor Gill 
has examined. some which was collected at a distance of about 
three miles from the nearest land, and under the microscope 
discovered distinct fragments of recognizable minerals. The 
larger pieces are biotite mica, but there are also smaller frag- 
ments of epidote, plagioclase, feldspar and quartz. In the 
specimen examined the largest pieces of mica measured one- 
sixth of a millimeter. This dust rested in wells of water 
whose depth was usually not greater than eight or nine inch- 
es, though in some cases as much as 15 or 18 inches. In di- 
ameter the wells varied from one-eighth of an inch to several 
feet. The total amount of this dust in an acre of ice would 
amount to only a few pounds. 

The second class of debris was found in only one place, on 
the seaward or down stream ^ide of the mount Schurman 
nunatak. (Plate VI.) This was a moraine of large rock 
fragments, with a considerable admixture of clay, derived 
from the two lateral moraines of mount Schurman. The clay 
element was of minor importance, and at a distance of a mile 
from the nunatak had almost entirely disappeared, being car- 
ried away by water, and removed by the good sized streams 
which flowed over the ice surface parallel to, and along the 
side of the moraine. As th^ distance increased the moraine 
became more and more attenuated, until finally there was only 
a narrow band of rock, resting as a mere film on the ice sur- 

*After president J. G. Schurman of Cornell University. 



142 The American Geologist September, 1897 

face. Here not only the clay, but all excepting the larger 
fragments had been carried away along the smooth stream 
bed. So complete is the destruction of the moraine by this 
means and by the crevassing of the ice surface further down, 
that we were unable to say where the moraine reached the 
fjord. The sea front of the glacier showed no signs of the 
presence of any medial moraine, and hence we conclude that 
it has all found its way to the bottom of the glacier. 

Drainage on the Tee Surface, There was distinct drainage 
on the ice surface. Innumerable tiny streams occurred, and 
either cascaded into the crevasses or flowed rapidly down over 
the margin of the glacier. Small lakes also exist in the irreg- 
ularities of the ice surface, and one that was seen had an area 
of about an eighth of a mile by 75 yards. Its waters were 
clear and its bottom entirelv free from sediment. 

The large stream which flowed parallel to the mount Schur- 
man medial moraine received its supply in great part from 
the marginal drainage along the boundary of this nunatak. 
We followed it for more than a mile and found it flowing in a 
valley, oft«n bounded by a steep wall rising to the hight of 15 
or 20 feet. The slope was rapid, and its width varied from a 
few yards to ten or fifteen. In no place was it narrow enough 
to be crossed without wading. Finally, about a mile from 
the nunatak. the stream turned abruptly at right angles, cross-, 
ing the moraine and flowing t^)ward the south, in a caiion with 
walls twenty or thirty feet high. It was impossible to follow 
this stream further, but from the fact that it was flowing to- 
ward a much crevassed part of the glacier, we had no doubt 
that it soon disappeared beneath the surface of the ice. 

Nature of the Ice Surface. The surface of the glacier 
presented two opposite types of outline, the smooth, hard and 
only slightly crevassed surface, over which travel was moder- 
ately easy, and certain very much crevassed areas which could 
not be traversed. Of course there was every gradation be- 
tweeiT these extremes. The crevassed portion was greatly 
roughened by melting, so that it became a maze of deep cracks 
with intermediate hills of clear, slippery ice. Attempts to 
penetrate this were in every case given up after a journey of 
a few dozen yards. The crevassed areas are of two kinds, 
those located on the surface of the ice where it swells upward 
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into domes, on the sites of buried hills — unborn nunataks — 
and those where the motion was rapid. Tlie crevassed domes 
varied in diameter but were surrounded by smooth areas so 
that the crevassi ug was apparently due to the cause which 
produced the local upsweliing. 

The more general crevassing, included under the second di- 
vision, was confined to the distinct valley portions of the gla- 
cier, where the movement was more rapid. Practically the 
entire area of each glacier tongue, from the land boundary on 
either side, was thus crevassed; and the irregularity increased 
perceptibly toward the central and lower portions. In reality, 
along this part of the ice the smooth traversible areas were 
the exception; and in our journey to mount Schurman we 
were obliged to look carefully to see whether we could pass 
out to the nunatak over the ice. There was but one feasible 
route, unless we should make a detour from a distant point 
and approach the nunatak from the rear by a journey of 26 or 
30 miles. This smooth area lay between the two nunataks, 
and hence in the line of slight motion. From the fact that in 
this place the ice surface was distinctly higher than on either 
side in the two arms of the Cornell glacier, we also concluded 
that this was a ridge over the buried highland in the under- 
lying land. In other places it was also found that the ice cap 
could be reached most easily from the divide areas between 
two valley tongues. This was notably the case between the 
Cornell glacier and the Wyckotf glacier, which is the next 
valley tongue on the northern side of the one which we chiefly 
studied. 

Ice Motion, So marked was the irregularity of the ice 
surface that it became evident upon first inspection, and cer- 
tain after some attempts had been nmde, that it would be im- 
possible to go out upon either the north or the south arm of 
the Cornell glacier to a sufficient distance to obtain the real 
average rate of motion. With little time at our command, 
and many new features to study, we decided that the attempt 
to measure the rate of movement of the glacier promised less 
results than a study of other features. Hence no actual meas- 
urements were made; but from the amount of ice coming from 
the front of the glacier it was evident that the rate was con- 
siderably less than in some glaciers hitherto measured on this 
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coast, such for instance as the Upernavik glacier fifty or seven- 
ty-five miles south of this one. No large icebergs came from 
the front in the two or three weeks that we were camped with- 
in sight of the glacier. However, numerous icebergs of medi- 
um size were sent otf, and innumerable small fragments were 
constantly floating away from the glacier. During the time 
that we saw the ice front in intimate detail, its outline did 
not change in any of its larger features, though there were 
many changes in minor details. 

Sen Margin, The sea front of the two arms of the Cornell 
glacier is a solid wall of ice (Plate VII), undercut somewhat 
at the water level, and from this rising in most cases as a per- 
pendicular precipice to a hight of over 200 feet above the sea 
and in the higher places to an elevation of 300 feet. The crest 
of this sea wall forms a ragged sky line, as the crests and pin- 
nacles are outlined against the sky, and it is cracked by crev- 
asses in such a way, that every now and then pieces of great 
or small size are tumbling off, sending reports through the air 
and waves across the fjord. The birth of an iceberg was thc^ 
most impressive sight among all the wonders of my Arctic 
journey. 

This ice wall was of marble whiteness throughout its entire 
extent. Not only was there no sign of debris on the ice sur- 
face, but none was revealed in the 200 or 300 feet of a ])()int 
which rises above the sea, nor was there either lamination or 
stratification. It was a solid wall which in fracture resembled 
a find-grained dolomitic limestone which has no particles dis- 
coverable by the eye. In color it was of dazzling marble 
whiteness. So far as the sea end furnished evidence there 
might have been no debris and no differential movement that 
would cause banding. That this conclusion is not warranted 
is plainly shown when an iceberg comes from the front, and 
in its turning reveals the bands of dirt in the lower ice. Not 
only was there no englacial or superglacial moraine, but tliere 
were no streams on or in the ice at its margin. Hence the the- 
ory of enghicial or superglacial origin of certain kinds of gla- 
cial deposits receives no support from this study. 

The Land M(ir<jin — Outline, The ice cap in this region 
comes in contact with the land, coinciding closely with the 
irregularities of the land itself. If there is a valley a tongue 
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tenters it. provided the elevation and slope permit; if a precip- 
itous indentation of the land occurs, the ice margin reaches 
further than on the point projecting toward the ice. Coming 
to a nunatak the ice rises against the land on the eastern side, 
then sweeps around it, the two arms meeting at a very much 
lower level at the western base. On the eastern side of the 
partial nunatak mount Hope the ice surface is about 1060 
feet above the sea, and the nunatak reaches an elevation only 
390 feet higher, or 1460 feet, while on the western or seaward 
face of this nunatak, the mountain rises 1450 feet above sea 
level, and from 1260 to 1300 feet above the ice surface. The 
same feature is seen around mount Schurman. There the ice 
surface is 1750 feet above the sea on the eastern side, and only 
1350 feet a mile further west at the western base of the moun- 
tain. Hence this nunatak, whose elevation is 2210 feet, rises 
nearly 1000 feet above the western ice surface and only 460 
feet above the eastern. About three miles west of this is a 
nunatak just peeping through the ice stream of the south Cor- 
nell glacier. It is so overridden on the eastern side that it 
cannot be seen from that direction ; but from the west it is 
plainly visible. 

Land Face. The margin of the ice cap or the glacier in 
contact with the peninsula and the nunatak, is prevailingly 
characterized by a moderate slope. (Fig. 1, plate VIII), In 
this it dilfers radically from the conditif>ns described by 
Chamberlin and Salisbury for the glaciers north of cape York. 
There a moderate slope of the ice margin was an exception, 
in some cases to be explained by the presence of snowbanks 
at the base; here it is the rule, and is the natural glacier face. 
In all 1 followed its margin for no less than fifteen miles, and 
in this distance traveled many miles on the actual ice slope. 
Again and again I passed from the ice top to the land. Here 
* a vertical slope was the exception. Oftentimes the lower de- 
bris zone of the glacier presented a moderate slope and the 
clear upper ice a precipitous face; but it was never necessary 
to go far to find an area in which ascent to the ice surface 
was easy. 

Debris in the Ice. Along this margin I found that Cham- 
berlin and Salisbury have described a distinct separation be- 
tween the debris-free upper ice and debris-filled lower layers 
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distinctly stratified, (Fig. 2. plattVIII); but unlike them I 
found no contortion of the iHminie. The banding was won- 
derfwllj even, and the layers parallel, being deflected only by 
irregularitieB of the bed. Nor were there any upturned layers 
such as those recently described by professor Salisbury.* 1 
found none of tiie surface moraines to which Lieut. Peary had 
called my attention, and which professor Salisbury has recent- 
ly described and nlTcred its an explanation ihe theory that they 
are due to the upturned edges of the debris-Ailed luniinm.f 
The amount of debris in the ice along the margin was slight, 
and the fragments varied in size from large boulders to clay 
bands. 

Movement. The movement of this piirt of the ice along the 
land margin was continuous. Itj other words, altliough there 
was much melting along the glacier terminus, the ice cap does 
not move out to the point where melting exceeds supply, but 
goes off toward the land, where considerable is melted, ami is 
then deflected by the valley walls and turned off toward the 
valley tongues. In the ease of the Cornell glacier there is 
this ice drainage along the valley walls toward the more re- 
stricted fjord; and as the ice is turned by the land, its velocity 
becomes higher, because more and more is supplied to the 
narrow exit. Thereforenot only in the narrow valley tongues, 
but even along the land margin, the supply of glacier ice 
from the interior is destroyed only in small degree by melting 
and mainly by breaking off in the sea and floating away. 
Around the nunataks the conditions are somewhat different; 
here the ice comes upon the land in a direct way, piles up 
against the stoas or east side, and then divides, flowing away 
along the side of the nunatak. 

The motion along the margin of the ice cap is therefore dif- 
ferent from place to place and will vary with the thickness of 
the ice covering. While the glacier front is standing at a 
certain place, the direction of ice movement in the glacier 
VHlley tongue will be directly outward along the axis of the 
valley: but a few miles distant, on the valley sides, thetnovc- 
jiient'will be diagonally along the valley walls toward tlje ax- 
is. With a thicker ice covering. ov*.V'iir-.iulir,t_' nil il.^- b.inl 

'Jour. Geol. 
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the advance would be directly outward from the interior; and 
hence in the two stages the striae would vary in direction in 
the same place. With this deflection in ice movement there is 
of courscMilso a deflection in transportation. Materials brought 
from the interior nearly to the land margin instead of being 
deposited on the land may move along its edge down toward, 
and even into the sea. 

Attack on the Nnnatak, Around the nunatak the ice 
shows very distinctly the difference in attack on the stossand 
lee sides. Coming against the eastern face of mount Schur- 
man, the ice piles up on the back and then divides; and it is 
evident that all along the east^jrn, northern, and southern sides 
of the nunatak the ice is scouring with rapidity. But on the 
west side the currents unite at a distance of two or three hun- 
dred yards below the end of the nunatak, and there is no indi- 
cation that the union of these two tongues is made sufficiently 
early to scour the western mountain face. There is a stagnant 
block of ice between the mountain and the united currents that 
come around the nunatak. That this effect has been notice- 
able throughout the history of mount Schurman is plainly 
shown by the topography. The entire mountain has recently 
been submerged beneath the glacier; yet the western side is so 
precipitous that standing on the margin one looks down a 
nearly vertical precipice upon the ice 1000 feet below; and if 
one should fall from the edge of this he would go at least 200 
feet withr)ut striking the rock wall. Upon this margin, al- 
though recently glaciated, there is almost no glacial scouring. 
The much higher DeviPs Thumb shows that the same condi- 
tions once existed there. The eastern side is distinctly glaci- 
ated ; but a stone dropped from the western face falls a thous- 
and feet before striking rock, and this face is greatly rough- 
ened.* 

Moraine at the Ice Terminus. — /// the Sea. What there 
is in the sea at the base of the glacier we had no means of 
telling: but 1 doubt very much if extensive moraines are ac- 
cumulating there. Practically all of the debris brought by 
the ice is distributed in the lower layers of the glacier. There 
is none to be washed down from the top and front, and thus 
to accumulate in the sea. All must come from the bottom, 

♦For this observation I am indebted to Mr. J. O. Martin. 
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and this part of the ice is subjected to melting only by con- 
tact with wat^r whose temperature never rises much above 
the freezing point. Hence great quantities of the lower de- 
bris cannot drop off in the neighborhood of the glacier. Ev- 
ery now and then an iceberg passes off from this glacier front, 
and the moraine which it contains passes out into the fjord, 
to be distributed over its bed, or in the more distant seas. It 
therefore seems that along the sea front the morainic accum- 
ulation must be slight. With a distinct surface moraine the 
case would be quite different. 

On the Land, Along the land margin there is a nearly 
continuous morainic ridge parallel to the ice front. (Fig. 2, 
Plate VIII, and Figs. 1 and 2, Plate IX.) It usually rests at 
the base of the ice foot, and is sometimes a part of this foot, 
where debris has accumulated and protecti^d the ice beneath 
from the warmth of the sun, causing this part of the glacier 
to rise as a ridge. Frequently, however, the moraine ridge is 
well separated from the ice margin, and sometimes there are 
several parallel ridges from which the ice front has succes- 
sively withdrawn. Recent withdrawal is indicated by this 
ridge now separated from the ice. 

To me it was extremely disappointing to find nothing that 
closely resembled the great moraines of the United States. In 
topographic outline the deposit along the ice edge on the land 
was more like an esker than a moraine. It was a ridge quite 
like a lateral moraine, and some of the larger moraine ridges 
extend as long embankments, rising from ten to twenty feet, 
with a width of thirty or forty feet across the bas(». Here and 
there the combination of several ridges gives the hummocky 
outline of our moraines, but these were distinctly exceptional. 
(Plate IX, Fig. 2.) The reason for this peculiarity of outline 
is evidently the direction of ice motion. Along the ice mar- 
gin the movement is diagonal to the land; hence, while there 
is a movement toward the narrow valley glacier, there is also 
some material brought to the edge and left there by melting. 

An increase in the supply would cause less topographic 
change on the land margin than in the sea face. In this re- 
gion of great topographic diversity there is little chance of an 
oscillation on the front. The forward movement would over- 
ride the moraine ridges and carry the material down toward 
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the sea, instead of pushing them to a new margin. The rea- 
son for the ridge form is that debris comes to the ice ledge, 
and. loosfened by melting, rolls to the bottom, accumulating 
there. In most cases the moraine was evidently much less 
thick than it appeared to be because of the ice foot below ; but 
some ridges twelve to fifteen feet in hight, were evidently en- 
tirely composed of rock fragments because separated from 
the ice by an interval in some cases as great as 150 feet. The 
ridge form is necessary because the ice along the land advan- 
ces and retreats only very slightly. The only way in which 
an extensive deposit of hummocky moraine could be formed 
would be for the ice to stay nearly in one place for a long 
time. If the glacier retreats, the debris from the ice is dis- 
tributed as a thin covering; if it advance the moraine is car- 
ried away toward the sea. 

The material brought by the glacier to this terminus was 
very stony, and hence the surface features are those of very 
rocky moraines. They are often piles of boulders with very 
little clay, though at times the clay element formed one-half 
the bulk of the moraine. The rocks were frequently rounded 
and scratched like ordinary ice transported fragments. 
Among these boulders gneiss predominated, but porphyritic 
granite, slate, and quartzite, derived from some hidden areas 
beyond the ice margin, are abundant, and the size of the 
blocks varies up to ten or fifteen tons. 

In some places along the land niargin the moraine on the 
border of the ice is increased in bulk by the addition of de- 
bris falling from the land. But this is rare, and is found 'on- 
ly where the ice movement is such as to press it against pre- 
cipitous hills. Around the nunataks this condition is not 
uncommon, for there the rapid glacier movement presses the 
ice against the land. At mount Schurman there are two such 
bands, one on either side, caused partly by glacial debris and 
partly by masses falling from the cliffs; and the union of 
these two bands forms the medial moraine described above. 
Professor Barton showed me exactly such a moraine around 
the base of the Umenak mountain near the town of Umenak. 
It had been gathered there at a time when the glacier had 
passed out into the Umenak fjord, and the mountain had ris- 
en as a nunatak above the valley, in exactly the same way 
that mount Schurman now rises above the Cornell glacier. 
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[ce Margin Drainage. The land front of the glacier is a 
slope, varying in steepness, and forming one face of a valley 
whose other wall is the land, sometimes having a gentle slope 
but usually a precipitous hill side. In the valley thus formed 
there is a marginal drainage, (Plate X) with a water supply 
furnished mainly from the ice. Numerous tiny streams flow 
from the glacier top, cascading down the slope and uniting 
with the marginal stream. No single case of a subglacial 
stream emerging from beneath the ice was found. The melt- 
ing was entirely surface and marginal, though along the sea 
front it is perfectly certain that there is subglacial drainage. 
The surface melting of the crevassed glacier forms streams 
which disappear into the ice, and which come out somewhere 
below sea level ; but we were not successful in finding out 
where these emerged. 

In its passage down the valley, between the ice and the land, 
the marginal stream finally enters the sea. During its passage 
it now and then encounters tongues of ice, and for a distance 
flows along them, and finally beneath them, where the glacier 
edge rests against a moraine, or the rock of the land. Again 
it falls over a rock ledge as a cascade, or even a grand water- 
fall ; and every here and there it is dammed to form a margi- 
nal lake. (Plate XI.) Dozens of these, great and small, were 
seen along the margin ; and they varied in size from tiny 
pools to ponds half a mile in length, and 200 to 300 yards in 
width. 

Since the water of the marginal streams iseverywhere milky 
with sediment, these lakes are receiving quantities of mud- 
dy deposits, and in them tiny deltas are being built. (Fig. 1, 
Plate XII.) Where the lake waters bathed the ice front little 
icebergs are coming oif, in exactly the same way as in the 
fjord at the glacier front, and these are bearing out into the 
lake large rock fragments which are being strewn over the 
bottom or on the shores. Also at the base of the ice cliffs, as 
well as on some of the deltas formed by rapidly flowing streams, 
pebbles and boulders are being mixed with the clay. 

Nearly every lake shows signs of alteration in level result- 
ing from the change in outflow either to some point beneath 
the ice, when the lake may be entirely drained, or to some 
lower outlet for the lake opened by a change in the ice front. 
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or by the down cutting of the stream bed where it is eating 
its way through a moraioic dam. Tlie different elevations 
are plainly evident from the absence of lichens on the rocks, 
the clay clinging to the rocky shores, and the beach terraces 

* along the old shore lines. In one case, at the western end of 
f mount Schurman, a lake of this type, with a depth of at least 
I 100 feet has recently been drained. Where these extinct lake 

beds exist one sees revealed an expanse of muddy bottom 

'' ■ with scattered blocks of rock. No chance was found of de- 

termining the depth of these clay beds, but in some cases 
they were evidently several feet deep, perhaps even several 
scores of feet. 

In the deposits now being miide along the margin of this 
glacier there were two extremes, the bouldery material and 
the clay beds. No sand or gravel deposits were seen. Hence 
here is another of the many differences between the present 
results of the Greenland glaciation. and the more ancient de- 
posits that were made by the American glacier. 

^ Mora in ic Complexity, By the study of the moraines and 

marginal lakes along the ice front, one sees enough to help 

\ him to a satisfactory conception of the manner of formation 

of the irregular moraines in the United States, where the drift 

I supply was greater and the oscillation of the ice front more 

easily possible. 0)-operating with the normal dragging of 

* materials to the margin, and with some possible shoving of 

materials at the end, accompanied by the accumulation of ta- 
lus deposits at the base of the glacier front, there was the ac- 
tion of streams over the ice surface, and possibly from be- 
neath, and the presence of the lakes and frequently changing 
marginal drainage. Lakes appear and disappear, being caused 
by conditions now in part absent. With a complex interaction 
of these various causes the topography and structure of the 
American moraine seems easily possible to one who has travel- 
ed along the edge of the Greenland ice cap. All that is needed 
is a little imagination which will permit the ice to change its 
front more frequently and to bring a greater supply of debris. 

As has been described above, the land moraine of this 
Greenland glacier is generally a ridge; but sometimes it be- 
comes a series of choppy hills, quite like those of the Ameri- 
can moraines, due to the presence of several ridges with diff- 
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erent axp*. niul ftirniod by ii i^li^lnir dirt'orent rnt«> of supjily. 
Another sii|ijio!'<-<l cinise for irrejjuljiiiiy i.r lurmiinic t(ipi>yra- 
[>lir w[i!i iilsii soi'ii ilhistniUHl. In ilic v:i]li-y tongue of the 
»iintli ('i)rni'll gtiieif r. on the sntithirn Axh- >•!' [noiint IIn[>v, th« 
tei-niiiiiis lA in a ninr^itiiil hike wh'>'e wiiters nre nijikjr with 
fiediinent fiinii^hi.-(l from the gl.-ieti'r. Like the l>alun(.-e af 
the fjliieier, this tmigiie i* ret renting, ^o recentty has it 
witlidrnwn tn n mitalile defjrpe, that ul :i ilistnnet of twenty 
or thirty yards from lh<' mardiii tlien-are two large l))nek<ir>r 
ict Kiraiided in the hike, eaeh pieee havingan area of perhaps 
half an ai.-re. Th.si- mv gnuiiiil'it in the water, luul are part- 
ly i>r entirely ent ojF from the [rl«''i*'". In any event tlu'T are 
wpiirateil from it hy the hike water. [lenee tliey are Wing 
siirronndeil hy «i-dimenl. iinil n« tli>-y nn-lt still further, their 
top8 will eome heneath the iiike, :ind they will be buried be- 
neuth the sediment. Even now they are evidently weigiied 
down by the l.uid of elay. f.ir they do not ri-^e moretban a few- 
feet nhuve the lake siirf;iee. and not *<> bigli ns they would 
need H. rise if tliey were iilloal. Wh.-n linally the lake di(u 
appears, and the wt- withdraws, we shall have a pair of typloal 
kettle boles. 

I'liriulinii i» Lnii-ir /•;■ rum •ifn. Along the gluvier mar- 
gin, we may often see the etrwt of the irregularities of th« 
bottom uiw)n the movement of the ice. Ledgi-i and small hills 
are often jirer^ent heneiith the ghieier. iind their inHuence in 
to delieet the lower layers by their tiny trregularitiee. The 
lowest iee rests on the ^iirfai-i, oeeu|iying it> de[>reri«ioii?: but 
the layer:* above are eiirved only in aefurd with the ffeHcrnl 
siirfaee. In otlier words, tlie irregular snrfai-e is made more 
regular hy tile nearly stagnant bottom iee, whieh HIIp the de- 
pressions, and niises the lee side of the elevation toward the 
top of ihe higher p;irl. This raises the irregnlnr Eurfaceinto 
a form having ap|iro\iniale]y the outline ^'f the general up- 
per levels. 'I'lie ie.- urehis over the irreguhir land, making 
enrves. wliii-h are phiinly seen by tin- areli nl" the debde lay- 
er-, who-e form i- thai ..f a g-nen.li/ed d..me of H re giilM 
n.rm. (l-i«. :!. I'lal.- XII.) Tlii- eurve frequently «ii"^j] 
III.' dnimlin..i.l eiirve. [.iiyers onee disturb, d and f 
r.'.t --.i.iinii'- 111 Ibis l-.v.-l in the i,.,., i,i,i i,-, 
[■lai.Jv III" -ameeli'valion as that where thei 
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is seen the reason for the formation of roches moutonees 
forms; some areas are scoured more than otiiers, and there is 
a gradual reduction to a generalized surface because the de- 
pressions are protected by more nearly stagnant ice. while the 
projections are worn down toward the curve of average out- 
line of the irregularity. 

Variations in the Direction of Ice Movement, The ice 
sheet, burying all land so that no sign of it is found on the 
ice top, as is the case in the interior of Greenland, must move 
witii moderate directness and uniformity. Perhaps there is 
some deflection by topographic irregularities of great size, 
but such variation would be the same in direction so long as 
tile thickness of the ice remains constant. For instance, if a 
part of the present irregular border of Greenland were over- 
ridden by the ice sheet the general direction would be west- 
ward, notwithstanding peninsulas and mountain peaks, which, 
however, might deflect the ice slightly from the general di- 
rection. Any considerable deflection could not be caused, for 
the land irregularities are less in importance than the force 
which is pushing the ice onward. 

When such a land is being abandoned by the ice sheet, 
quite different conditions are introduced. At first the moun- 
tain peaks begin to appear as nunataks, first, merely checking 
the ice movement and making it nearly stagnant on top, while 
the glacier moves around the sides, deflected possibly many 
degrees from the original course. Later, by rising above the 
ice, and dividing it into two streams, which may possibly 
meet on the downstream side, or if the terminus ends in the 
sea failing to join, a similar deflection is caused. Where it 
comes in contact with the land there may be decided deflec- 
tion of the ice currents, possibly toward a valley tongue, as 
frecjuently is the case with the ice near the margin of the Cor- 
nell glacier. Near the margin there may be a very decided de- 
flection of currents, even in neighboring parts of the glacier, 
and at the exact terminus the deflection may be even greater. 

A tongue of ice, led away by some favorably situated val- 
ley, will go in whatever direction the valley leads; and one 
of the most astonishing results that I obtained from my study 
of the ice margin, was the discovery of the remarkable man- 
ner in which the ice is thus deflected. Even a tiny depression 
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On the steep hill sides it hae been waehed off from the rock, 
siiliing smoothed by the ice iind luade slippery by the melting 
of snow and froRt in the summer. In the lorretitBof early 
Slimmer most of it has leTt its place, and the hill sides hnve 
been left nearly hiire.* The proof of this is found in the pe- 
culinr distribution of the boulders. It whs noticed that on 
the hill sides, and even <)n many ()f the hill tops, the iinly re- 
mains of glacial deposits were boulders, most of which either 
rested on pebbles, or on a flat face, either of their own or of 
the bed rock. The characteristic condition of the boulder 
was perched on two or three pebbles, and so raised above the 
bed rock that one could look beneath the boulder to points be- 
yond. Thus perched in a stable position, some of ihe boiild- 
ers have remained, while the small beds of clay and pebbles, 
and the less favorably placed boulders, have gime away, leav- 
ing these as monuments testifying to the former presence of 
at least some drift. 

Coiiipiiriiioii nf Greenlund and Americim Qliicial De/ivitifa. 
While it is true that from the Greenland glacier were obtain- 
ed many hints concerning the conditions existing during the 
American glaciation, it is equally true that the conditions in 
the two places were widely different. In the first place the 
topography of Greenland is unlike that in most of the United 
States, finding its nearest analogue in the Adirondacks and 
northern New Kngland region. Then too, the greatest activity 
of the Greenland glacier is in the valley glacier tongues, 
which end in the sea, while for America the glacier end was 
mainly on the land. Where the glncierends against the land, 
the cause for this terminus is only portly that of melting. 
Muchof the material brought toward the land margin even- 
tually goes into the neighboring sea, either in strenms or in 
the ice directly, as this is deHeet^d by the land. 

Morever the amount of debris carried by the American gla- 
cier was very much in excess of that now being transported 
by the Greenland ice sheet. This may be due to the greater 
hardness of the Greenland rock, though this is not greater 
than in parts of New England. The conditions on Labrador 
n land are more nearly like those on the margin of 
inland than the United Stales. I believe this is because 
Am. Qbol., vol. six, 18OT, p. 131. 
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the part now exposed on the Greenland coast is comparable 
rather with Labrador than with the United States. I mean 
to say that during its greatest extension the Greenland gla- 
cier removed the decayed rock materials, as well as much 
fresh bed rock, from this region and deposited these fragments 
in Baffin bay, the bed of which would therefore contain the 
deposits, whose position compares with the marginal glacial ac- 
cumulations of the United States. Whether this is the case or 
not, the present Greenland glacier is certainly dealing with 
bare and hard rock, while the American glacier had an easier 
task, and hence obtained a greater load. 

Another difference must be recognized in the climate. At 
best only a small amount of melting can take place every year 
near the margin of the Greenland glacier, while practicallj^ 
none occurs at a distance of a score or two of miles from the 
edge. Hence there will not be great floods in this land, such 
as those which occurred in America. 

Hence in America with more material to deposit, a rapid 
withdrawal due to hurried melting, a more level land surface 
over which to spread, and materials which must in most parts 
find a resting place on the land, there were great and complex 
glacial deposits, whereas on the Greenland margin the glacial 
deposits are relatively more simple. Nevertheless the student 
of glacial geology cannot visit the margin of the great ice 
cap without gaining much inspiration, valuable knowledge 
and important hints to aid him in his study of the work done 
by the great extinct American ice sheet. 



NOTE ON HYPERSTHENE-ANDESITE FROM 
MT. EDGECUMBE, ALASKA. 

By H. P. Gushing, Cleveland, Ohio. 

In September, 1892, during an enforced stay of a w^eek at 
Sitka. Dr. H. F. Reid ascended Mt. Edgecumbe and brought 
away with him a few small specimens of lava from the crater 
which were given to the writer for examination. It was the 
intention to publish this note along with a paper by Dr. Reid 
setting forth the results of his observations. These however 
he desires to withhold pending another visit to the mountain, 
but has sent the following letter for publication as a preface: 
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May 18th, 1897. 

Mt. Eilpcumbe is a volcanic cone situated on Krusov island, 13 miles 
west of Sitka, Alaska. It has quite regular outlines and its altitude is 
given in the U. S. Coast and Grecnletic Survey maps as 2855 feet. Its 
lower slopes are thickly wooded but the upper part of the mountain is 
quite bare. The rim of the crater is a broad oval of something more 
than a thousand yards along its longest diameter. There is a difference 
of about 400 feet in the hight of the lowest part of the rim (on the south- 
ern side) and the highest point (on the northwestern side). The bottom 
of the crater is also oval w^ith a slightly sloping floor about 230 feet be- 
low the lowest part of the rim. Sections of former lava flows are visi- 
ble on the steepest parts of the inner wall of the crater. Lava flows ex- 
posed on the southeastern shore of the island still preserve in places 
their original surface. Everything shows that the volcano has not long 
been extinct, but it probably has not been in eruption since the discov- 
ery of Alaska by the Russians, 150 years ago. 

Mist was driving over the mountain when I was on the summit, and 
I did not have a good view of the region surrounding the mountain, 
but Prof. Wm. Libbey has given a short description of this region in 
the Bull. Am. Geog. Soc. 1889, pp. 279-288. 

All the specimens I sent were gathered in the crater or on the rim in 
September, 1892. 

Harry Fielding Reid. 

The specimens are of a quite normal hypersthene-.MUgite- 
andesite, the interest attaching to them beinf? on accriunt of 
their «^eo^raphical location and of their similarity to the vol- 
canics to the soutliward along the same volcanic belt. They 
range from compact dark gray rocks dotted with small feld- 
spar and pyroxene phenocrysts to a nearly black pitchstone 
and to a light colored, frothy pumice. 

Miner(ilo(jic(il composition. Plagioclas?e, hypersthene, au- 
gite and magnetite, in order of abundance, make up the slides. 
Two generations are invariably present. In two cases aggre- 
gates similar to those which result from the corrosion of horn- 
blende, were noted, but no trace of the original mineral 
remains and the boundaries are indefinite. 

The plagioclase phenocrysts are stout prisms bounded by 
many planes, often forming complicated intergrowths, with 
pronounced zonal structure and dearth of twinning. Extinc- 
tion angles averaging 28° on opposite sides of the trimming 
plane show them to belong to the bytownite-anorthite series. 
Tli(^y abound in incl'isions of glass, pyroxene and magnetite. 
The zonal structure is of both types, in some cases a regular 
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increase in acidity from the center to the periphery, in others 
a succession of basic and more acid layers. This latter is 
the more common of the two. 

In most of the slides the hypersthene preponderates over the 
aiigite. Its microscopic characters are as usual. As is the 
rule in andesites the pleociiroism is rather faint for this 
mineral, with very slight difference between a and b. Par- 
allel growths with augite are of frequent occurrence, the brach- 
ypinacoid of the hypersthene in contact with the orthopin- 
acoid of the augite. Both magnetite and glass occur as in- 
clusions, but are infrequent. 

The augite phenocrysts are of a pale yellowish-green color, 
intermediate between the pale greenish and pale greenish-yel- 
low of the hypersthene. A very slight pleochroism is appar- 
ent, the yellowish tinge being somewhat more pronounced par- 
allel to a. The extinction angle is 48^. Inclusions are the 
same as in hypersthene. 

The groundmass. The eleven specimens show considerable 
variation in the texture and structure of the groundmass. 
This is also probably true of the chemical composition, the 
material furnished being insufficient for analytical purposes. 
In five specimens there is little or no glass and one of them is 
quite coarsely crystalline, made up of short, thick bytownite 
crystals and prisms of augitf and hypersthene, the whole 
thickly set with magnetite dust. The remainder are similar 
except for the smaller size of the crystals. 

Of the remaining six specimens two show ordinary hyalo- 
pilitic structure, while in the other four (the pumices and 
pitchstone) the groundmass is wholly glassy. 

The specimens also range from a rock with basalt-like 
groundmass, with much pyroxene and magnetite, and feld- 
spars in the labradorit^-bytownite series, to a rock with tra- 
ch3'^tic groundmass, the feldspar laths composing it belonging 
to the oligoclase-andesine series and the pyroxenes only occur- 
ring as phenocrysts. 

Enclosures. The slide from specimen 8 shows a small en- 
closure of fresh diabase indicating its presence somewhere in 
the path of the lava. 

Two other slides show enclosures of small size made up of 
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colorless glass set with augite prisms, the augite being pre- 
cisely similar to that of the enclosing andesite and reaching 
the size of the ordinary phenocrysts of that mineral. 

Freshness of the material. For the most part the speci- 
mens are of perfectly fresh rock. As they consist of small 
pieces picked up on the mountain this fact has significance 
as indicating the comparative recency of the outflow. But 
three specimens show any sign of decay. Two of the pieces 
of pumice have their glass reddened by oxidation of the fer- 
rous oxide, and the pitchstone has suffered slightly from the 
same cause. Specimen 8 likely represents an older flow, as its 
pyroxene has suffered some decomposition. The smaller crys- 
tals of that mineral have been wholly, and the larger external- 
ly, converted into the reddish-brown mineral which is so fre- 
quently produced by the decomposition of pyroxene in such 
rocks. 

Conclusion, The recent lava of Bogoslotf Id., Alaska has 
been shown by Mr. J. S. Diller to be hornblende-andesite.* 
With this exception no andesite has been reported from Alas- 
ka as far as the writer is aware. Its occurrence here is there- 
fore of interest, especially in connection with the occurrence 
of similar lava throughout the whole extent of the American 
Sierra belt. 



SOME GEOLOGICAL CAUSES OF THE SCENERY 
OF YELLOWSTONE NATIONAL PARK. 

By A. R. CsooK, Evanston, 111. 

For most of our knowledge of the underlying causes of the 
scenery of the Yellowstone National park we are indebted to 
Holmes, Hague, Iddings, Weed, and others of the United 
States geological survey. The results of their work should 
be in the hands of every traveller to the region, since the pleas- 
ure of the trip is greatly enhanced by some knowledge of the 
cause of the phenomena and by some idea of the forces which 
have produced the mountains, hills, and valleys, the heat of 
the region, the geysers, and the wonderful coloring. A student 
of creation here finds splendid illustration of the dynamics of 
mountain building, of the formation and metamorphosis of 

♦Science, Jan. 1885, p. 66. 
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rocks, of thermal and chemical action,of erosion and glaciation. 

The park is situated in the northwestern corner of Wyo- 
ming, halfway between St. Paul and the Pacific — a thousand 
miles from both. It embraces more than thirty-five hundred 
square miles — more land than is contained in Delaware and 
Rhode Island together. Its average elevation is eight thous- 
and feet above sea level and it is thus one of the domes of the 
United Stat<?s. It is surrounded by mountains. On the south- 
west are the Tetons, containing some of the grandest and high- 
est peaks of the Rockies, rising nearly seven thousand feet 
above lakes at their base, and composed of Archwan gneisses 
and schists flanked by Palaeozoic sediments on the north. On 
the southeast border the Wind River mountains which are 
composed largely of Cretaceous sandstone that protrudes in 
the park above the lava flows. The Absarokas, whose culmi- 
nating peaks are compact andesite and andesite breccia, ex- 
tend along the east; and the Snowy mountains present tiieir 
granitic and schistose faces along the north side. On the west 
for twenty miles stretch the Gallatin mountains which rise 
from two to four thousand feet above the park. Moisture- 
laden winds entering the park strike against the sides of the 
mountains and precipitate their snow and rain. Consequent- 
ly the rainfall is much greater and the temperature much low- 
er in the park than in any other place in that part of the 
country. It measures at Mammoth Hot Springs twenty-five 
inches yearly. Halleck gauged the Yellowstone and Lamar, 
the Firehole and Gibbon, and estimated the Gallatin, and 
found that the minimum discharge would equal that of a river 
five feet deep and one hundred feet wide flowing at the 
rate of three miles per hour. This large amount of water ex- 
plains the presence of the Yellowstone lake which is the larg- 
est body of water at that elevation known (being one hundred 
forty square miles in extent) and partly accounts for the 
rapid erosion by the rivers. The temperature being lowered 
by the evaporation of so much water explains»the prodigious 
chiselling of the region by frost. While the country east of 
the park was suffering under the terrible heat of August 1806, 
we in the park were breaking the ice in our water pails. 

Thus the topography of the country influences the rainfall 
and the rainfall influences the topography. 
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The chiiracter of the country is due in the next plnce to the 
fact that it is new. This is evident even to those who are not 
geologists. Nearly all the other parts of the United States 
were completed before the Yellowstone region began to take 
its present form. The Gallatins, the first range to be seen up- 
on entering the park, furnish H good example of the history 
of the region. Upon Archtean granites, schists, and gneisses 
which subsequent operations have exposed to view, were de- 
posited the (luartzites, sandstones and limestones of the Silu- 
rian. These were followed, in a slow, quiet, uneventful man- 
ner by the schists, clays, sandstones, and limestone of the Car- 
boniferous, Jura-Trias, and the Cretaceous. At different 
places in the park the siliceous and shaiy limestones of the 
lower, middle, and upper Cambrian, the characteristic rock? 
of the Devonian, and the typical subdivisions of theOetaceous 
— the I)ak(»ta, Colorado, Montana, and Laramie — are exposed. 
These rocks were laid down conformably. Then came a peri- 
od of intense disturbance. The peaceful course of events was 
changed. The sluggish, phlegmatic plains were shaken. uf»- 
turned, and made into heroic mountains. The southern- end 
of the Gallatin mountains was raised. A sharp fold ocrurr«i 
between Electric peak and Cinnabar mountain. The iix:« ^»f 
the general fold trends northwest and southeast. Th2**> 
tion and folding of the rock masses caused the layer? ton 
and fault — to slip past each other like the river \e*:%l *^nn% 
thawing — so that the resulting mountains w€rr«r fll#4 with 
crevices and passage ways leading to great depth«. Som* pr/r- 
tions of the earth mass underneath relieved of |j««««ori« expan- 
ded, passing from potential to actual liquiditj. Tbi* molten 
material was crowded up through the p«M«9waj4 filiirj; 
them, crowding between the layers of iflnl* fcrsta formint^ 
lacolites and sills, and pouring out upoo ffbe «iirfw*e in enor- 
mous floods. There were definite, well marked perirKi<- of 
cracking and flooding. 

What the novel is to human life the gtoIogKal »tofy i* t/. 
geological occurrence. In an hoor'0 rtmding the novel pr<-- 
sents the events of a life time, bat bumaa exp^enee r^^a'tr.*^- 
the proper interpretation. A gedogieal de*eTiptir»n pr*--*-r. '- 
in a few minutes the event* of a myriad of year* »nd K .r.. i- 
experience is unable to ditelote the proper pernp^^rri v- r .-- 
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best aid to a conception of geological time is geological field 
work. One who sees erosion going on in the park at a slow 
rate and measures the work already completed has a time 
measure. When he notices the different great systems of sed- 
imentary rock and the many varieties of eruptive rocks, he 
obtains a series of objects that measure back in sharpl}' de- 
fined units to the remote millions — fading away in the distance 
like a series of telegraph poles. 

Thus to properly understand the causes of the present ap- 
pearance of the park it must be kept in mind that there have 
been definite periods in its making. After the first long peri- 
od was completed by profound disturbance and a series of 
eruptions and long continued erosion in the Eocene, there 
came in Miocene time three eruptions of well defined character. 
The fiirst was an eruption of moderately acid rock called ''an- 
desite." It is a light colored rock of various shades. Its 
principal bulk or groundmass is glassy to cryptocrystalline 
and contains phenocrysts of three minerals, viz.. a soda lime 
feldspar (andesine or labradorite), hornblende or augite, and 
biothte. This rock forms the tops of many of the mountains 
and is called the scenery rock. After a long period of cool- 
ing, erosion and cracking, came an eruption of an acid rock, 
rhyolite. It also is a rock of varied colors and texture, vary- 
ing from white to black and from glassy to cryptocrystalline. 
Its phenocrysts however are chiefly a soda-potash feldspar and 
quartz. It covered the whole park, filling all the valleys and 
rising two thousand feet upon the sides of the mountains. 
About the only rock that the tourist meets in the park is rhy- 
olite. 

The eruption of rhyolite was followed by one of a dark bas- 
ic rock, or basalt. It is a dark-colored glassy or completely 
crystalline rock with groundmass of labradorite and pheno- 
crysts of lime feldspar (anorthite) and augite and oli- 
vine. 

The order in which these rocks were erupted is instructive. 

Prof. Iddings calls attention to the fact that first there came 
forth a rock of mixed chemical composition. After the molten 
mass or magma in the earth had time to differentiate, the ba- 
sic or heavy material sank and the acidic rhyolite arose near 
to the surface. The next faulting forced this top layer out 
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and finally the deep-lying basalt was pressed through the 
dykes. 

Nine- tenths of the park is composed of volcanic rocks and 
the scenery must necessarily be diit'erent from that of regions 
composed of sedimentary rocks. The Appalachian system or 
that of the Alps, from which the majority of our people obtain 
their ideas of mountain scenery, contain no rock like this. 
The volcanic rocks of the park show no peaks, for example, 
like those ia the Alps where stratified and schistose rocks have 
been ff»lded into sharp anticlines that by wearing away have 
left jagged peaks steep on all sides. The volcanic rocks hav- 
ing no pronounced parallel structure and never having been 
subjected io great pressure and contortion wear away on the 
surface in rounded forms and where carved by streams show 
pinnacles and crags whose mass is horizontal. Thus we see 
that tlie scenery of the park is the result of the material used 
in its construction as well as the result of its newness and its 
surroundings. Now we may further see how it is the result 
of the destructive agents at work there. 

The periods of eruption were followed by an ice age in 
which glaciers covered the whole of the park and scoured it 
from one end to the other. As the volcanic rocks were still 
hot in places the melting of the encroaching ice would be very 
rapid and the resulting floods enormous and very powerful in 
erosion. One glacier moved west from the Absarokas and 
another east from the Gallatins. They met in the valley <»f 
the Gardiner and moved north, carving out the valley of the 
Yellowstone along a line of faulting. Evidences of the gla- 
ciation are seen in the valleys which are strewn with scratched 
and rounded bowlders that have been carried long distaiK-es 
from their source. 

But a far more powerful and deep working agent than the 
ice is the chemical action which, as the result of water, heat, 
and subterranean gases united, has showed its power far and 
wide in an astonishing degree. Geysers and hot springs, ex- 
tensive decompositi<»n and deposition and the wonderful col- 
ors r»f the region are illustrations. 

In no other place in the world can geyser«i be seen to such 
advantage. Those in Iceland, New Zealand and California 
are neither so accessible nor beautiful. Geysers, boiling springs. 
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hot springs, paint pots, and mud pulfs — all different stages of 
the same phenomena — represent the mighty conflict of mete- 
oric waters and volcanic fires. As Bunsen explained, water 
collecting in a tube, which is very deep and very hot at the 
bottom, is heated far above the boiling point, since it is under 
pressure. Circulation setting in, hot portions of the water 
reach a point at which the expansive force of the steam ex- 
ceeds the confining power of the pressure and flash into steam. 
One explosion creates a vacuum : the vacuum, relief of pressure 
at greater depths. This in turn allows another explosion and 
soon until equilibrium is restored. If the tube is shallow or 
heat applied at the sides or the heat is not very great instead 
of a geyser there occurs a boiling spring. Less heat would 
produce a hot pot; less water a mud pot. If the mud is 
colored it is called a paint pot. 

The springs differ not only in size, shape, temperature, and 
amount of water but also in the nature of the substances dis- 
solved in them. Ordinary water has the power of dissolving 
a large number of mineral substances. The number is enlarged 
and the power of the action is increased if the water is in- 
tensely heated. The presence of various gases and chemicals 
in the water gives another great increase in its power of de- 
composition. In the park the water is abundant, highly heated 
and full of powerful corrosives. The deposition of dissolved 
materials around the mouth of the springs is enormous. 

There are three principal kinds of springs, acid, calcareous, 
and alkaline-siliceous. The acid springs (which are the least im- 
portant) deposit alum, sulphur, soluble salts of iron, and some 
of them contain hydrochloric acid (Norris Basin). They do 
not affect the scenery materially. 

Far more important are the calcareous springs like those of 
the Mammoth Hot Springs basin. They contain chiefly cal- 
cium carbonate, and also calcium sulphate, magnesium sul- 
phate, calcium chloride, alumina and silica. The deposits cover 
three square miles with several hundred feet of travertine. 
The source of this lime is interesting. It is doubtless derived 
from the Cretaceous limestones which underlie the rhyolite, 
filling up the basin. 

The most interesting and important of all the springs are 
the alkaline-siliceous for geysers occur only with them. They 
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contain principnlly silica, calcium carbonate, sodium borate, 
sodium arsenate, and sodium ciiloride. One- third to one- fifth 
of all their content however is silica. It amounts to about 
six- tenths grammes to a thousand of water. It is deri<^'ed 
from the decomposition of the acid rhyolite. This shows how 
dependent the peculiarities of the park are upon the material 
out of which it is constructed. For if the underlying rock 
were limestone the material, though soluble, would not form 
geysers. If it were sandstone it would be practically insolu- 
ble because of absence of alkalies to aid in the decomposition. 
The deposit which is called siliceous sinter consists mainly of 
silica with varying amounts of water. If it is glassy it is 
called rhyolite. If it contains less than six per cent of water 
it is called pealite; if from six to thirteen percent, geyserite; if 
seventy-five per cent, viandite, an unstable leathery substance 
which crumbles when dry. The geyserite is deposited over 
an enormous space. In thirty years not more than one inch is 
formed. .The conduit of Old Faithful is at least seventy feet 
deep. This would indicate that for twenty-five thousand years 
the deposit has been taking place. 

The cause of the deposition has long been a puzzle. It was 
thought that the cooling of the water would furnish an expla- 
nation. But demijohns of water standing two years gave no 
precipitate. However when the water was frozen precipita- 
tion did take place. It is now known that the deposits are 
due to three causes, a chemical, a physical, and a biological. 
The chemical is shown by the fact that the amounts of alka- 
line chlorides and carbonates present influence deposition ; 
the physical, by the fact that evaporation causes sedimenta- 
tion; and the biological by the fact that plants of so low an 
order of development that they consist of hardly anything 
more than a mass of gelatine, growing in the water, form in 
their bodies siliceous spicules and become incrusted with silica. 

This variety of causes results in a variety of forms, and 
the deposits resemble at times cauliflower, cabbage, mosses, 
leaves, sponges, corals, stalactites, spicules and spheres. 
Sometimes the material piles up in regular forms as the Bee 
Hive geyser, or in bizarre forms like the Grotto, or in great 
masses like the White Pyramid, or in rounded craters like Old 
Faithful, or in flat forms without elevation like the Excelsior, 
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yot 1(*«H iiiterosting than the forms of the deposits, and far 
more beautiful are the colors which are in large part due to 
the al^af. We are not surprised that grass is green, or that 
when the chill of winter strikes the leaves of the forest thev 
turn to yellows and reds and golden l)ues. No more wonder- 
ful is it, thr)ugh perchance more surprising, that plants which 
live in bru'ling water or warm water or cold water should have 
many colrjrs. 

The Mammoth Hot Springs show against dazzling white 
deposits, patches of delicate pink or salmon hues which 
deepen along the edge of the basins, where moistened into yel- 
low, brown and red. The pools of the geyser region show red, 
rose, cream, brown, enjerald, green and blue hues. 

The paint pots are reddish brown, umber, pink, blue and 
grey. 

The largest and most impressive mass however is seen in 
the (>rand Oanon. Here it is chietiy caused by mineral mat- 
ter. 

The great mass of rhyolite through which the waters of 
the Yellowstxuie have carved their way had been thoroughly 
decomposed by hot w^aters and gases. I'housands of steam- 
ing vents, solfataras, and fumaroles can be seen by one who 
has the daring to descend into the canon. Boiling water, 
scalding vapors and (iery gases had worked through and 
through, corroding, eating, destroying, decomposing and trans- 
forming the great mass. It was a rough experience. Then 
the weakened rock was attacked by the river and carved, 
worn and scoured. 

The rapidity with which it was worn away was due to the 
weak condition of the rock as well as to the great volume of 
rapidly running water and the rapidity has resulted in steep 
sides, sharp pinnacles and freshness of coloring. The spires 
and minarets have not had time to be leveled and the steep- 
ness of sides prevents their being overrun with vegetation or 
covered with faded materials. 

The result is the scene which charms the beholder. 

The grand canon of the Arkansas is impressive. The 
solriun grandeur of the Yosemite ovt^rwhelms and fills the 
mind with thoughts of va<tness and sublimity. But the beau- 
ty i»f the Yellowstone charms and delights and thrills. As by 
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X\m' brink of the falls one first viewj^ the steep slopei* separ- 
ated at the hrittom far below by a silver thread of rnshinj^ 
water with its sides studded with minarets and spires and 
])innaeies and adorned with patehes of red and yellow and 
])urple he beholds Nature in her h(»liday attire, diselosinfj a 
uni(Mi of sublimity and beauty that is without parallel. 

The youtii of theeountry, the hardships whieh it has Hutfer- 
ed, tJH^ soeiety whieh it keeps — these things, represented by 
elevation, voleanie eruption, iee and water erosion, ecuitnet (jf 
heat and vapor, of arid and water — these things have united 
to produee the **\Vonderland of America/' 

Note. — Relatively few people visit tlu» park. More wtmld 
probably go if they knew that the expense ean be adapted to 
one's pocket-book. People wishing luxury will lind the i«ark 
liotels tirst-dass and transportation comfortable at about T-m 
dollars per day. Those wishing to be more eeonomi'.'*! -r^^ 
use the pleasant permanent camps and transportation fjrr:*!:- 
ed bv W. W. Wylie, Hozeman, Montana, for live d'.«il*r- o^' 
da v. 

Or one can organize a camping party binm«-lf »-'i rrAT-L 
more -"heaply, although teams in that region fcr*r ■exc^^--?-'^''- 
At b-ast <»ne week is needed for "the tour." 
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FAUNA. 

In the Mississippi valley the Kinderbow: ficattti-.a !♦ '^.' " 
monlv considered as foriuini; the h/^^tL wmsz "st 51* ^ i*v * .*. 
I'rou*- systi*m. It is well df-ve]'i|^«r<i ftS Bii3r.i3^v«n *"'■; '." . 
part- of southeastern Iowa. F»rM**r ^rnirh-v^.'': * */ ' 
Mi«i^is!*ippi river it is aUo we2i fTynnf la «»: rav. • »• 
the -iirveral membepH of the !•*«•««• f.'.artiioi'5<tr^n>» ." • . • f 
bnniferous" it stretches amujMl t;h»- fMrnek. ipiLfi '• 
ward and south westward, prr/mkhj-j nsMtftuu^ b» .'«- 
w»».t«Tn Arkansas. 

N«» >iri;rle formation of 
tioij than the Klnderhook. 
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Mississippi valley first began to receive attention its fossils 
have attracted as much notice as those from any of the asso- 
ciated strata. Notwithstanding this fact the geological age 
of the beds composing the Kinderhook was the subject of con- 
siderable discussion until finally Meek and Worthen* set forth 
their evidence in support of its being Carboniferous in age. 
Their conclusions have been generally adopted. The subject, 
however, has been considered anew in the recent reportsf of 
the Iowa and Missouri geological surveys. The main facts so 
far as they bear upon the theme in hand, are essentially as 
follows: Although for many years past the Kinderhook beds 
have been regarded as the base of the Lower Carboniferous, 
or Mississippian series, a decided Devonian facies of the con- 
tained fossils has always been observed. This peculiar aspect 
has occasioned much comment. So much were some of the 
earlier geologists impressed with this character of the organic 
remains, that they hesitated but little in referring the beds in 
question to the upper Devonian. 

Owen, J who was the first to give attention to the geological 
details of the rocks as exposed along the Mississippi above 
the mouth of the Missouri river, limited the term ''Subcarbon- 
iferous," which hitherto had long been applied to all the stra- 
ta below the Coal Measures as far down as the Hudson River 
shales, to those strata which are known as the basal stage of 
the Mississippian series. The Louisiana, or Lithographic 
limestone was not, however, included, for his "argillaceous 
marlites'- was manifestly his lowest member of the series. 
SwalloWjg Hall II and White,^ who were well acquainted with 
the rock section and its fossils, correlated the beds immedi- 
ately below the Burlington limestone with the Chemung (De- 
vonian). In northeastern Missouri and adjoining portions of 
Iowa and Illinois, the *'Chemung" includes the Chouteau 
limestone, the Vermicular shales and the Lithographic lime- 
stone. Hall, who had studied more particularly in Iowa, erro- 

♦Amer. Jour. Sci. (2), vol. xxxii, p. 167, 1861. 

tlowa Geol. Sur., vol. i, pp. 51-53, 1893; and Missouri Greol. Sur., vol. 
IV, pp. 52-55, 1894. 

JU. S. Geol. Sur. Wisconsin, Iowa and Minnesota, p. 92, 1852. 

§Geol. Surv. Missouri, Ann. Rep., p. 101, 1855. 

[Geol. Iowa, vol. i, p. PP, 1858. 

^Proc. Boston Soc. Nat. Hist., vol. viii, p. 289, 1862. 
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neously regarded the sandy shales or yellow sandstones below 
the great limestone at Burlington as identical in age with 
lithologieally similar strata 50 miles to the northward, at the 
mouth of Pine creek in Muscatine county. The Pine creek 
rocks have recently been shown by Calvin* to be, beyond all 
doubt, not only not equivalent to the Burlington beds, but not 
Carboniferous at all. As shown by abundant fossils they bo- 
long to the Hamilton division of the Devonian as known in 
Iowa. Hall, having investigated this northern locality more 
thoroughly, perhaps, and being impressed with a manifestly 
typical Devonian fauna, very naturally came to the conclusion 
that the formations of the two localities being the same, were 
both older than the Carboniferous, whereas they were widely 
separated in point of time. But Meek and Worthen,f who 
had considered chiefly the fossils in the upper part of the so- 
called "Chemung," both at Burlington, Iowa, and at Kinder- 
hook, Illinois, a few miles from Hannibal, Missouri, regarded 
the fauna contained to be Carboniferous rather than Devon- 
ian, and the whole sequence was accordingly placed in the 
former. 

Reference to the published vertical sections of the Kinder- 
hook shows that the formation as commonly known in the re- 
gion is a triple division, the upper and lower parts or subdi- 
visions being limestones, and the middle one shale. At Bur- 
lington no fossils heretofore noted have been found except in 
the upper portion of the formation. It has been only very 
recently that an extensive and interesting fauna has been dis- 
covered in the clayey portion much lower down. Here the 
lower calcareous member, if it exists, is not exposed. At 
Louisiana and in the vicinity, the median member has always 
been considered unfossiliferous, as has been also the lower 
limestone except at the very base. Marion and Pike coun- 
ties, Missouri, at Hannibal, Louisiana and Clarkesville prin- 
cipally, were the leading localities for many of the "Kinder- 
hook'* fossils originally described by Shumard, Hall, White 
and Winchell. Most of these forms have a most decided De- 
vonian aspect. In consequence a peculiar and characteristic 
physiognomy is imparted to the faunas of the three members 

*Amer. Geol., vol. II, p. 25, 1889. 

tAmer. Jour. Sci., (2), vol. xxxii, p. 167, 1866. 
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taken as a wljf>le. Heretofore little or no mention has been 
made concerning the exact horizons of the fossils in question, 
mere reference to the **Lithographic" limestone or "Kinder- 
hook beds" being considered siifticient. Lately, however, ex- 
tensive collections of fossils have been made at all three places 
mentioned, as well as at many neighboring localities. Every- 
where the Lithographic, or Louisiana, limestone has been 
found to be essentially devoid of organic remains, except an 
occasional form in the thin sandy partings above the bottom 
layer, which is less than one foot in thickness. At the very 
base of the limestone is a thin seam of butf, sandy shale, sel- 
dom over three or four inches in thickness. This seam is 
highly fossiliferous. It contains the PvodncteUa pyxidata 
(Hall), Cyrtlna ncutirostris (Shumard), Chonetes oniafa 
(Shumard), Spfrifer hnnnihnlensis (Shumard), and a host of 
other forms, many indistinguishable from species occurring 
in undoubted beds of the Western Hamilton. 

When this phase of the problem arose, as elsewhere present- 
ed, it appeared that, lithologically, the thin, sandy layer was 
more closely related to the underlying shales than to the over- 
lying limestone; that faunally, it had very much clearer 
atfinities with the Western Hamilton (Devonian) than with 
the *'Kinderhook" (Lower Carboniferous). In Iowa the '*De- 
vonian aspvect" of the Kinderhook faunas disappeared, largely, 
upon Calvin's recent discovery that the ''Chemung" sandstones 
of Pine creek, in Muscatine county, Iowa, were in reality true 
Devonian. In Missouri the same Devonian facies of the fauna 
contained in the lowest member of the recognized Carbonifer- 
ous was removed almost completely, by casting out the spe- 
cies found in the thin sandy seam at the base of the Litho- 
graphic limestone. The faunas of the Devonian and Carbon- 
iferous of the upper Mississippi valley thus became more 
sharply contrasted than ever. The apparent mingling of 
faunas from the two geographical sections manifestly had 
been based upon erroneous assumptions rather than upon the 
detailed field evidence. It was stated* at the time that after 
eliminating from 'Hhe Lithographic limestone, the extensive 
fauna commonly ascribed to it, and which came only from a 
thin seam lying Vjelow the calcareous member, its real geolog- 
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ical age became a problem yet to be solved. The few fossils 
known from the limestone itself have been rarely met with. 
It is not at all unlikely that the lower limestone of the Kin- 
kerhook may prove eventually to be of Devonian age. But 
until abundant evidence to this etfect is found, it seems 
advisable to still consider the Louisiana (Lithographic) lime- 
stone as the basal member of the Carboniferous." 

The fact that the correlations of the Kinderhook have been 
so widely variant and as later work has clearly shown, in 
large part erroneous, must be ascribed mainly to insuffi- 
cient exact data, since nowhere, as it now appears, have 
investigations been detailed enough, in the attempts to solve 
the problem, to enable the critical evidence to be formulated. 
The beds of the uncertain zone have been placed first in one 
system and then in theother, sometimes with a loss of some of 
its layers in the process of the shifting, and sometimes with a 
gain of others. These strata of undeterminate age may be 
regarded as including all those lying between the base of the 
Burlington limestone and the strata which are commonly put 
down as the western representatives of the New York Hamil- 
ton. Although these beds were originally placed in the Car- 
boniferous, then assigned altogether to the Devonian, and 
again transferred to the Carboniferous, where they have by 
common consent and in the absence of further direct inquiry 
long remained, the accumulating evidence now points to their 
proper place in part back in the older of the two systems and 
in part in the younger. However, grounds for this return in 
large part to the earliest definitely expressed view are very 
different from those which were adopted in the beginning. 
Singularly enough while the reasons for their early reference 
to the Devonian were found of late years to be entirely erro- 
neous, the first conclusions were practically correct, in fact, 
for the particular district under consideration along the Mis- 
sissippi river; the premises were totally wrong, and the decis- 
ions were founded upon faulty correlations. Herein lies the 
confusion which has so long existed regarding the proper po- 
sition of the beds. 

Very recently the whole subject has been taken up again, 
and as a result it has been necessary to considerably modify 
the views previously expressed. A careful examination of 
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the Lithographic beds has been made with the special object 
of discovering fossils in the seemingly unfossiliferous layers 
above the base, and of determining the vertical distribution 
of the organic remains. The locality selected was Louisiana, 
in Pike county, Missouri, where the exposures were unusually 
favorable, where the vertical section was complete from the 
Trenton to the upper Burlington, and where there was an 
abundance of fossils. The vertical section and the exposures 
are so extensive for a single locality that the facilities for 
determining the exact range of the various faunal zones stand 
unrivalled in the whole region. Moreover, a key to the strat- 
igraphy of the entire province is furnished. Owing to usually 
favorable opportunities afforded by the extensive fossil col- 
lections of Mr. R. R. Rowley and the supplementary special 
tield work the results are very complete. The determination 
of the fnunal zone and their most important relationships as 
bearing upon the stratigraphy of the region are therefore of 
great interest. 

In considering the faunal features of the succession the 
chief interest centers in the nature of the fauna of the Kin- 
derhook as a whole, and of each of its several parts. The 
three most prominent considerations are: (1) The general 
facies of the fauna in its entirety, and the elements giving it 
its predominant features, (2) the character and genetic rela- 
tions to the basal fauna, and (3) the upper limit, if any can 
be made out, of the fauna most characteristic of the forma- 
tion. 

First. Heretofore the attempt has been made always to treat 
the organic remains contained in the ''Kinderhook," **Chou- 
teau," or the "Chemung" as constituting a single fauna. 
Owing to the heterogeneous beds that have been placed to- 
gether it has been the chief mission of later work to take out 
from time to time the various incongruous parts which were 
originally correlated with this formation. Thus gradually at 
its typical localities the terrane has finally come to be more 
clearly understood. 

The fauna-contained in the "Kinderhook" when deprived of 
the elements which are in reality wholly foreign, presents a 
very ditferent facies from that generally ascribed to it. With 
the light of definite zonal distribution of the fossils there ap- 
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pears to be, instead of a single compact and characteristic 
group of forms, two very distinct faunas. This is nowhere 
more clearly shown than in the locality which may be regard- 
ed as typical and in which the faunal zones have been deter- 
mined with considerable accuracy and corroborated by evi- 
dence from other districts. Owing to the indefinite knowl- 
edge which has long existed regarding the exact horizons at 
which the various genera and species occur, the general faunal 
facies of the "Kinderhook" has heretofore borne a compos- 
ite and not a pure physiognomy. 

A tabular arrangement of all the species of fossils that are rec- 
ognized at a typical locality of the Kinderhook, and that range 
from the Silurian to the upper Burlington, has brought out 
very clearly some important facts which have been overlooked. 
The first of these is the close affinity of the faunas from the 
lower two members of the "Kinderhook," with the underlying 
Devonian, and the second is the sharpness with which the 
lower fauna stops at the base of the Chouteau, and the abrupt- 
ness with which an entirely new fauna begins at the same 
level. 

Second. The components of the lower fauna comprise those 
forms which occur in the Louisiana limestone and the Han- 
nibal shales. As a whole the fauna is evidently closely re- 
lated to that occurring in the western Hamilton. Some of the 
species, though bearing different names, are in reality identi- 
cal with typical forms of that formation. As already stated, 
the fossils have been found, with few exceptions perhaps, 
only at the basal portion of what is called the Louisiana 
limestone, in a thin sandy layer which is lithologically simi- 
lar to the partings in the limestone itself. The results of the 
latest investigations show that many of the* forms actually 
extend upwards, some of them being practically unchanged 
through the whole Louisiana to the top of the Hannibal. 
Thus far not a single species of this fauna appears to occur 
higher, or in the overlying Chouteau. Many of the forms also 
range downwards into the dark colored shale below, which is 
regarded as of Devonian age. 

The general impression derived from a tabular arrangement 
of all the species is that the lower zones, forming the Louis- 
iana, the commonly accepted base of the Carboniferous, are 
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fnuiially very closely related and that those constituting the 
overlying Hannibal shales also have close affinities with the 
lower member. No special effort was made to determine the 
full faunas of the higher beds, as the critical evidence that 
was needed was in regard to the fauna of the Louisiana 
(Lithographic) limestone. The shales have, however, proved 
to be very barren in organic remains. Towards the top where 
they become sandy a number of the lower species are found. 
That the shales do not appear to be fossiliferous is not re- 
markable. Since they manifestly do not contain abundant 
remains in a good state of preservation they have not been 
searched so carefully by fossil collectors as have the other 
beds. At Burlington, where there are excellent exposures and 
numerous active collectors, besides a host of transient ones, 
the same shales remained for half a century without a fauna 
to be ascribed to them. But of late they have been shown to 
be abundantly supplied with fossils. Without exception the 
latter appear to be characteristic Devonian forms. As yet, 
however, the fauna has not been studied sufficiently to be 
specifically listed, but the brachiopods are for the most part 
very similar to, if not identical with, the species found in 
undoubted Devonian shales farther northward. The cepha- 
lopods are represented by large forms of Cyrtoceras, Goinpho- 
cerns and Phraginoceras. One belonging to the latter genus 
may prove to be Winchell's P. expansum. Another very char- 
acteristic phase of the fauna is the non-trilobitic crustaceans, 
of which a very considerable number have been found. They 
have very close affinities with Tropidocaris and Amphipeltis. 
It appears, then, that the Devonian fauna characteristic of 
the region extends up to the top of the Hannibal shales in 
northeastern Missouri, at Louisiana especially, and that the 
'*Kinderhook" shales of southeastern Iowa, as typically devel- 
oped at Burlington and corresponding in great part to the 
Hannibal shales, appear to carry no other remains than those 
of pronounced Devonian types. The upper part of the sec- 
tion, usually regarded as Kinderhook at Burlington, in fact 
all the thin limestone and sandstone bands down to the main 
body of shale may be now more properly considered as the 
equivalent of the Chouteau limestone, that is, the uppermost 
member of the so-called Kinderhook in Missouri. 
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Third. One reason that the fauna of the Chouteau (origi- 
nal) limestone has not been better understood in its relations 
to the faunas occurring lower in the so-called Kinderhook, 
and higher in the Burlington limestone, has been that in the 
localities where the lower Carboniferous has been most thor- 
oughly and widely studied, that is along the Mississippi river, 
the Chouteau, as commonly recognized nowhere crops out 
along the great stream, except perhaps in the vicinity of the 
town of Louisiana, where, under the typical Burlington, there 
is an earthy limestone six to twelve feet thick, which has 
been considered a part of the latter, but which is not believed 
to be the attenuated edge of the Chouteau or its equivalent. 
At any rate in the immediate vicinity the undoubted Chou- 
teau attains a thickness of fifteen to thirty feet. 

Over two hundred species of organic remains have been 
identified at Louisiana in the so-called Kinderhook and the 
Burlington beds. By arranging these according to the faunal 
zones recognized several important facts are brought out. It 
is found that at the base of the Chouteau limestone there is a 
line on either side of which there is, with one possible excep- 
tion, not a single species that is found on the other. Forty- 
three species occur in the '^Kinderhook" below; 167 in the 
strata above. The one doubtful case is a possible variety of 
Spirifer hannibalensis, a widely distributed type. Thus the 
upper fauna nowhere extends beneath the base of the Chou- 
teau ; and the lower fauna nowhere rises above the same level. 
The species belonging to the fauna beginning in the Chouteau 
extend upward into the Burlington. While in the latter many 
new forms appear they do not immediately replace the typi- 
cal Chouteau types. The strangest feature of all is that the 
many new species which appear in the second bed of the Bur- 
lington, some ten feet above the base of that formation, are 
largely so-called Kinderhook forms, not altogether from the 
Chouteau of the immediate neighborhood but from the lime- 
stones which occur just beneath the Burlington limestone in 
other localities, as in the city of Burlington. 

The following general conclusions are deduced : 

• 

1. The most marked change in the succession of faunas in 
the entire sequence of rocks commonly known as the lower 
Carboniferous or "Subcarboniferous" as represented along 
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the Mississippi river, is at the base of the Chouteau limestone 
(limited). At this horizon thereis so great a faunal hiatus 
that there is scarcely a species that is common to the beds on 
either side. 

2. That instead of the so-called Kinderhook containing in 
its fauna a mingling of Devonian end Carboniferous types 
there are really two faunas that are perfectly distinct, well 
defined, and do not merge into each other. The one is char- 
acteristically Devonian in character, and the other is striking- 
ly Carboniferous in general aspect. 

3. The basal line of the lower Carboniferous or Mississip- 
pian series is the base of the Chouteau limestone, and the low- 
est member of the four- fold series contains only one formation, 
instead of the three heretofore commonly ascribed to it. 

4. The early reference of a part of the so-called Kinder- 
hook or "Chemung to the Devonian was correct in fact, 
though done entirely through erroneous correlations and a 
misconception of the real facts. 

5. The evidence afforded by the faunas of the region is in 
close accord with the facts obtained regarding discordant 
sedimentation and the stratigraphical and lithologieal char- 
acters of the formations themselves. 



THE PREGLACIAL CUYAHOGA VALLEY. 

By S. J. PiBHCE, Cleveland, O. 
(Plate XIII .) 

The Cuyahoga river is a stream emptying into lake Erie 
within the city limits of Cleveland, O. The account given in 
vol. I of the report of the Ohio Geological Survey, by Dr. J. 
S. Newberry, showing the existence of a much greater depth 
to the Cuyahoga valley, has been quoted by many later writ- 
ers as evidence of the fact that the rocky bottom of lake Erie 
is situatec^ much below the bottom of the clay covering it, 
and which is reached at an average depth of about 83 feet 
below the lake level. 

In his report showing that the former bed of the Cuyahoga 
river is situated far below the present one, Dr. Newberry gives 
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most prominence to a well drilled by the Standard Oil ( 'o. at 
the mouth of Kingsbury's run, (a small stream empt^'ing into 
the Cuyahoga river about two miles from its mouth) which 
reached rock at a depth of 238 feet. As the mouth of this well 
is about ten feet above the level of lake Erie, this would give 
the bottom a depth of 228 feet below this level, and also show 
the existence of a preglaeial valley much deeper than that of 
the present Cuyahoga. Since that time many borings have been 
made in all parts of the city and adjoining townships, which 
throw much new and interesting light on this preglaeial valley 
and its location. If the results of these more recent borings 
have appeared in any writings on the geology of the region, I 
am not aware of the fact. The latest work on this subject, to 
my knowledge, is by Prof. Warren Upham, on "The Preglaeial 
and Postglacial valleys of the Cuyahoga and Rocky rivers," 
in which he gives the maximum recorded depth of the pregla- 
eial Cuyahoga at 228 feet below the level of the lake. Also Dr. 
J. W. Spencer in his work "History of the Great Lakes," writ- 
ten in 1894, gives the same figures, 228 feet, as showing the 
greatest known depth of lake Erie. 

The object of the present paper is to compile the records of 
more recent borings and present the results as shown by them. 
In this, much assistance has been freely given by Mr. F. S. 
Gilbert, contractor and driller of this city, who has a record 
of many of the deepest wells.* 

The result of these subsequent borings has been to bring to 
light three prominent facts: First, that the ancient gorge is 
very much deeper than formerly supposed ; second, that the 
greatest depth yet shown by the drill is near Gordon park, about 
five and one-half miles to the east of the present mouth of the 
river; third, that the line of deep drift which fills the pre- 
glaeial valley extends approximately northeast to southwest 
from near the east side of Gordon park, past Forest City park, 
as located on the accompanying map. 

*Mr. (iilbert ha.s kindly furnished the following additional confiriua- 
tioD of the details here f^iven: 

At the request of Mr. S. J. Pierce, I write to verify the records of sev- 
eral wells which I f^ave him. I have read a copy of his paper and 
also examined the profile view of this valley. In regard to both I would 
say that the records are correct. These borings have been made by me, 
and cover a period of seventeen years. F. S. Gilbert. 

Cleveland, O., June 9, 1897. 
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Deep Wells. 
About thirteen years ago a well was drilled a little east of Gor- 
don park, to a depth of about 520 feet. (Well No. 1 on map.) 
Absence of rock at that depth, and inability to make headway 
in the quicksand and gravel, caused the well to be abandoned. 
As this seemed a phenomenal depth, as compared with previous 
wells, without striking rock, it was doubted by some at that 
time whether such could be the case. But subsequent borings 
have confirmed this record in many different places, within and 
without the city limits, though none have. quite reached the 
depth assigned to this one. Another well, No. 2, drilled within 
the last few years near the intersection of Madison and Hough 
avenues reached rock at the depth of 475 feet. This is, I 
think, the deepest well to show rock in the line of deep drift, 
although it may not reach the deepest point in the preglacial 
valley. Two other wells have been drilled along this north- 
east and southwest line in neither of which was rock reached. 
One is at the west end of Mound street, No. 3, east of Forest 
City park and was abandoned at a depth of 315 feet, no rock 
being reached. The other, No. 4, was on the property of the New- 
burg Fertilizer Co., situated on the Cuy^ahoga flats, outside the 
city limits. The well drilled here was abandoned in the drift at 
a depth of 350 feet. The record of this well is significant, ow- 
ing to its distance from the lake, being about eight miles 
from Gordon park, and its situation being seventeen feet 
above lake level. This well would then give a clear record of 
drift below lake level of at least 333 feet. In regard to the 
level of the two wells previously mentioned : well No. 1, east of 
Gordon park is situated not over fifty feet above lake 
level ; its depth being 520 feet would leave 470 feet as known 
depth to which drift extends below lake level. The other well, 
No. 3, at west end of Mound street, while not so deep, still 
serves to show the course of the valle3% The levelling for this 
is 112 feet, giving a depth of 203 feet below lake level. The 
levelling for the well 475 feet deep at Madison and Hough Ave. 
is 83 feet. This gives 392 feei below lake level at this point. 
While these are not all the deep wells, they are among the 
deepest and serve to give us a clue to the old channel, and as 
shown on the map, it is seen to be far to the east of the pres- 
ent river mouth. To show the relative proportions of the 
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gorge", a cross section, section No. I, has been prepared from 
records of borings. Tiiis cross sedition is along a line approx- 
imately parallel to Euclid Ave. and Detroit St. The streets 
which cross this line are given, and also depths of wells near- 
est to them. This line then represents a line of borings, from 
the depth of which, the profile of the gorge or preglacial val- 
ley is determined. This line is not marked on the accom- 
panying map: but a line drawn from A to B will show it. It 
will be seen from this profile, that the deepest part of the 
channel lies between Madison and Wilson avenues. From 
this point passing west, a gradual rise of the rocky floor takes 
place, until the shale appears again as surface rock. In this 
cross section no account of the 475 foot well is taken. 

Section No. II shows the relative position and depth of the 
modern river to the preglacial gorge. This valley marked V 
on section is from one-half to one mile in width with an av- 
erage depth of about 100 feet, within the city limits. The 
bottom of this is composed of alluvial deposit. Along this 
valley *'meanders the modern river, whose only right to the 
title of river seems to be in the magnitude of the deserted 
channel of which it is the sole occupant." 

The location of the well at the mouth of Kingsbury's run, 
as given by Dr. Newberry, will thus be seen to be on that part 
of the valley which rises to the west. It gave to Dr. Newber- 
ry the clue to a deeper valley, but did not locate its direction 
or give its greatest depth. As thus shown,* the preglacial 
Cuyahoga valley below lake level is deeper than the gorge of 
Niagara. And however vast we may think the time required 
to excavate the gorge of Niagara from Queenstown hights to 
the present falls, yet this drift-filled valley of the Cuyahoga 
on which the city of Cleveland now stands was eroded to its 
deepest point, filled with drift and partially re-excavated 
again by the modern river, before Niagara had an existence. 

But whether the depth reached by the drill in this city 
shows the deepest point of drift or not, (and this can only be 
determined by borings which may be made in the future) 
enough is known at present to warrant us in definitely as- 
signing a greater depth to lake Erie, and to show that it was 
not the shallow basin we now have, but was comparable in 
depth with the sister lakes. 
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The Driff, 

This valley as described and shown in profile, is filled with 
drift to an average hight of about 100 feet above the lake. 
The upper thirty or fifty feet of this consists of sand and 
gravel distinctly stratified, as may be seen in the excavations 
made for buildings. It is the '-delta sand" of Dr. Newberry. 
This sand and gravel was laid in its present position by the 
waves when the lake stood at a higher level than now, and 
shows such wave action most distinctly. The clay lying be- 
neath this and constituting the drift, not only fills the valley, 
but forms the covering for the deep rocky bottom of the lake. 
This is called by Dr. Newberry the Erie blue clay, and is "sup- 
posed to be the fresh water and interior equivalent of the 
Champlain clays, which were deposited in the earlier portion 
of the drift period on the Atlantic coast when it was sunk 500 
feet or more beneath the ocean." It is easily recognized by 
its bluish or dark cast and is mixed throughout with layers 
of quicksand and gravel and some striated pebbles, mostly of 
Canadian origin. It is devoid of fossils, but in some places 
the delta sand is separated from the clay by a layer of car- 
bonaceous matter. Mr. F. S. Gilbert, in drilling a well near 
the public square, passed through a log about two feet in di- 
ameter at a depth of 125 feet from the top of the well, this 
being far below the band of carbonaceous matter. 

The clay as exposed is distinctly laminated and shows un- 
mistakably the action of water. It was laid down on the bot- 
tom of the lake when lake Erie as such did not exist, but was 
a part of a much larger sheet of water, covering probably not 
less than 200,000 square miles. 

Oriyin of the Valley, 

It is believed by many that the continent prior to the Ice 
age stood from 3000 to 5000 feet above its present level. From 
among many examples which show such former uplift, may be 
mentioned the case of the Hudson river valley. The contin- 
uation of this submarine channel has been traced by detailed 
surveys to the edge of the continental slope, a distance of 
about 105 miles southeast of Sandy Hook, and 120 miles from 
New York. Its outermost 25 miles are a submarine fjord 8 
miles wide and from 900 to 2250 feet in vertical depth meas- 
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urecl from the erects of its bank)^. The Hudson tisthus formed 
is a valley of erosion. 

It was during this high continental altitude that the Cuya- 
hoga eut its deep channel. This was probably during the later 
Tertiary or early Quaternary period. As the Hudson, St. Law- 
rence, and other rivers emptying into the Atlantic and Pacific 
oceans through deep submarine fjords are monuments of the 
high altitude of the continent, so the Cuyahoga is a witness 
of the fact that the preglacial rivers emptying into the lake 
basin, had much deeper channels than heretofore assigned to 
them. What light the present deep channel of the Cuyahoga 
river may throw on the depth of the lakes and their former 
drainage remains to be worked out. But enough has been 
given to show that the bottom of lake Erie must be sought for 
much below what has hitherto been assigned as its maximum 
depth. 

NoTK. Since the above paper was written another well has 
been begun in Cleveland which so far as it has yet been drill- 
ed giv(»s further data in support of the conclusion reached in 
the above paper. It is already about 350 feet deep and is sit- 
uated at the crossing of the Cleveland and Pittsburgh rail- 
wa}^ and Central avenue. The work is at present at a stand- 
still owing to the breakage of the cable when the bit was pass- 
ing through a bed of very tough boulder (?) clay through 
which it has proven impossible to drive the casing though the 
drill was 15 or 18 feet below the bottom of the pipe. 



EDITORIAL COMMENT 



The Missouri Geological Survey. 

The State of Missouri has had a checkered experience in 
its elForts to make a geological survey of its domains. It has 
been liberal, if not lavish, in the appropriation of money, and 
it has, to show for it, a disjointed and incomplete set of reports 
and maps, beginning with that of Swallow, in 1853, and end- 
ing with that of Keyes in 1897. In this interval the follow- 
ing geologists have been in charge of the survey, for periods 
of short duration, separated by intervals of inactivity : Swal- 
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low, Hagnr, Norwood, Puiiipellj, Broadhead, Williams (C. P.) 
Winslow, Keyes. It is plain that, with much that is incomplete 
and lost on the change from one administration to another, 
much is also done in duplicate. Indeed in several instances 
the same areas have been twice examined and reported, and 
in some cases twice mapped. It is not apparent that, up to 
the present, politics has had anything to do witFw this broken 
and discouraging history ; but the present board of control, 
which is a creature of the governor of the state, has fa'llen 
under the bane of partisan political intrigue and has given 
the Missouri survey the worst adverse blow it has yet suffered. 
In all the country no state survey has surpassed the Mis- 
souri survey in energy, and in important and valuable results 
while under the management of Dr. Keyes. Since 1894, at 
which date the survey devolved on him, more has been printed 
and desseminated concerning the geology of Missouri than in 
all the previous years of its history, No citizen of the state 
nor any geologist outside of the state* could find any fault with 
it. It worked smoothly, continuously and fruitfully. But it 
has been brought to a sudden close. In i>ame the organiza- 
tion continues, and the usual salaries will be paid from the 
State's treasury. As an organ for the development of the ge- 
ology of the state, it has met the withering hand of politics 
with fatal results. At a recent meeting of the board of man- 
agers, the state geologist was removed and there was elected 
in his place a man whose name was never pronounced as that 
of a geologist, and whose only qualification for the position 
consists, as reported in the state press, in having efficiently 
intrigued with the governor in re-forming the board of man- 
agers, and in having served once as a guard at the peniten- 
tiary. These qualifications stand very low in the geological 
scale. The i*ecords and cabinet which have been accumulat- 
ing for the past eight years under the present law, were im- 
mediately consigned to the attic of an old building, all field- 
work was ordered abandoned at once, and several iraj)ortant 
pieces of work which were almost ready for publication were 
"'not needed.'' The c>nly reason urged for such unprecedented 
change of policy whs that the geologist heretofore in charge* 
of the work "was not active enongh in practical politics.'* 
Prof. E. M. Shepard, of Drury College, Springfield, the only 
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scientific member on the board, resigned on the spot, and as 
yet the governor has not been able to induce any self-respect- 
ing scientific man in the state to accept the appointment to 
the vacancy. Gov. Stevens, who is president of the board ex- 
oificio, appointed as his associates a driver of a sprinkling 
cart, a *'ward heeler'' from one of the large cities, a member 
of a ''loan'* office, and Prof. Sliepard who belonged to the pre- 
vious board, and who resigned as soon as the dastardly action 
of tlie other members was carried out. This explains the in- 
appreciation which was manifested of* scientific, educational 
and practical geology. It is so ridiculous and at the same 
time so nearly a criminal act, that it is difficult to comprehend 
how any governor of a great State could be led into it. He 
jeopardizes the material interests of a great and enlightened 
commonwealth, for the personal greed that lurks in political 
intrigue and ambition. Of all the instances of robbery of this 
kind of which the country has any knowledge, this is one of 
the most flagrant and inexcusable. The transaction which re- 
moves Dr. Keyes from his position is of small consequence to 
him. and his interests are not here considered. That which 
we lament, and which we protest against vigorously, and with 
all the vehemence of which we are capable, is the wanton pros- 
titution of the good of the people, as centered in the geologi- 
cal survey of the state, to the petty, personal politics of the 
hour. We have called it robbery. It is worse than open rob- 
bery, because that is crime, and is punishable, but this act 
goes forth as justifiable, and is unpunishable. It is a base be- 
trayal, as well as robbery. It is treachery, robbery, decep- 
tion, malfeasance and wilful plunder, cloaked under the pre- 
tended administration of law. 

There is a defect in many of the state laws that establish 
such surveys. The extreme of this defect is exemplified in 
Indiana, where the state geologist is nominated by the politi- 
cians and is elected yearly by the successful party. More 
moderately this defect is felt in such instances as in Illinois 
and Kentucky, where the geologist is subject to appointment 
and removal after each change in the political phase of the 
State al the will of the new governor, and its slowest results 
are seen in such cases. as in Missouri where the governor has 
the power to re-form, after each election, the board of control, 
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thus making the geological survey in all eases a contingent of 
politics. This action in Missouri is a lesson for the future, 
and stands as a warning tinger-board to those who may have 
to frame laws establishing such surveys, pointing to the dan- 
ger that lies in the controlling power of politicians. The rem- 
edies for such dangers lie in making the law provide for the 
following as nearly as they can be enacted. 

1. The governing board should not all go out of ollice at 
once. 

2. The governing board should be men of education and of 
scientific attainments, and if possible should represent seve- 
ral established scientific institutions existing in the state 

3. The survey headquarters should be at some state insti- 
tution, preferably at the state University, and last of all in 
the state capitol. 

4. The state geologist should be required to abstain from 
"practical politics", and should serve until the survey is dojie 
or be removable only for good cause. 

Science, the supreme court, and the church are the three 
things that ought to be entirely free from the shifting condi- 
tions of politics. A state geologist, charged with the scientific 
interests of the State, as expressed in the law which he has to 
execute, has in his hands the material as well as the educational 
welfare and reputation of the State. His duties are not fieet- 
ing and transitory, but far reaching and permanent in their 
results, and if he he a true scientist who realizes the respon- 
sibilities of his position he will know little and careless about 
the politics of the State. n. n. w. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



GfoUnjical Survey of Mexio, Bulletins 4, 5 and 6, 1897. Th is rexH)rt hv- 
tfins with a memoir of Dr. Antonio del Castillo, the late director of tlie 
Mexican Hurvey, by Sr. Jose G. Aj^uiloni, prefaced to which is a likeness 
easily recot^ni^etl by all who met the original at Washinpton in 18^>1, 
at the fifth International Congress. Follow4nt; this come.^tlio "prolo^^^iny* 
or administrative iei>ort by the same writer, thim a l)rief account of the 
work of the season in the province of Duranj^o by Sr. R. F. Biiehia, in 
the re<rion8of the Sierra Madre. west of Mexico in Tepic, Jalisco and 
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Colima, by Sr. Ezequiel Ordoiiez, and in the stutesof Pueblo and Tlax- 
cala, by Sr. Jos^ G. Aguilera. Then come about twenty pages of alti- 
tudes in various parts of Mexico, mostly of moderate amount, up to 
2000 feet, on the plateaus, and not containing any of the mountain 
peaks. ThiH concludes the Hrst part of the volume. 

The second part, which will be of more interest to geologists general- 
ly, commences with a summary of the geology of Mexico, by Sr. Jos^ 
G. Aguilera. Beginning with a short geographical account of the 
country, be proceeds to a more minute geological description. 

**Greologically considered, Mexico is composed of three parts. The 
first, the more ancient and least extensive, consists of a great mass of 
granite, gneiss and schist, which occupies most of the south of the 
.country, and reaches from the Pacific to the eastern coast." 

**The second containing deposits dating from Palasozoic time to our own 
day is found in the northern, southern, eastern and central parts of the 
country: and the third, almost of equal size and importance, is princi- 
pally composed of eruptive rocks of modern date." 

'*The archaean rocks of Mexico are numerous, varied and consist 
among others, of a porphyritic gneiss like an ^augengneiss*— gneissic phyl- 
lades, passing into the former and micH-slates conformable to the fore- 
going." 

The existence of Silurian strata is evidently doubted. Sr. Aguilera 
says: **There are in our collection a few specimens of slate containing 
good individuals of Orthis teHtudinaria Dalman, a Trenton species. 
This was sent to Dr. Ant. del Castillo and bears the label *£stado de 
Guerrero.' But the late director went several times to the locality to 
verify the statement, and could find no trace of any fossil in any rocks 
likely to have yielded it." 

The Devonian system is apparently in the same state. A Devonian 
goniatite, said to come from Apulco, has in like manner called out sev- 
eral journeys to the place, but all to no purpose. 

The existence of Carboniferous strata is, however, proved by the oc- 
currence of FrfMinctns semireticulatus. But certain beds which had 
been referred to the Upper Carboniferous by Frazer, Heilprin and Hall 
have now, on more and better evidence, been placed in the Cretaceous 
system, as they hold Lima, Anomia, Scaphites, etc. 

The Carboniferous of Mexico has thus far proven very barren ; a mea- 
gre list of four species is preserved and only two of them specifically 
identifiable, composing its whole known fauna. 

The different formations composing the Mesozoic system are not all 
represente<i in Mexico, those which are found being the upper part of 
the Triassic and Jurassic and almost all of the Cretaceous. The rocks 
of the Triassic are quartzose sandstones and hard shales varying in 
composition lK)th vertically and horizontally. In consequence of strong 
and long continued erosion the rocks of this system have very largely 
disappeared, and a number of small patches are all that remains to tes- 
tify to their extent when formed. The fossils are plants and were 
studied by the late Prof. Newberry, whose names, with few additions, 
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comprise the whole list. The Jurassic is less kDowD and hafl been con- 
fused in part with the overlying Cretaceous with which it is perfectly 
conformable. It holds a large fauna of well known genera but of chiefly 
peculiar Rpecies. "Among those from the Upper Jurassic are BODie 
such as Aegoceras and Stephumtceras belonging strictly to a rather 
lower horizon." 

The Cretaceous deposits cover a wider area and are divide*] intu 
Ijower, Middle and Ui)per. Their com])osition resembles that of the 
preceding in being foi" the most part mechanical, and showing a ip^at 
absence of lime. They are cut in many places by eruptive rocks of later 
date, Tertiary and even Quaternary, consisting of diorites, quartz-ande- 
sites, hornblende-syenites, granulites, diabases. The fauna is fairly 
rich and comprises numerous families. Rhizopoda, Anthozoa, Echinoi- 
dea. Vermes, Lamellibranchiata, Gasteropoda, Cephalopoda, Pisces, 
with one doubtful reptile. The abnonce of Hrachiopoda is a remark- 
able fact and no allusion is made to it in the text. Possibly it is ao ac- 
cidental omission. Of the Tertiary only the Eocene and the Lower 
Miocene are present in any fullness, the middle and upper portions be- 
ing very local. The former lies chiefly along the gulf of Mexico and the 
latter along the gulf of California. A list of fossils shows, as the au- 
thor remarks, that it is not possible in all cases to draw a line between 
the Tertiary and Quaternary groups. 

Tlie last named occupies a very large area in the upper valleys and 
trentral tableland. The materials are, as usual, loose and fragmentary* 
but some of them plainly indicate deposition from heated waters. 

Mexico, says our author, was in the earlicHt time a group of islands 
which were subjected to severe erosion in Azoic days. Elevation pre- 
vented the deposition of Silurian and Devonian strata, and Mexico then 
•'presented a large continental surface or collossal peninsula of North 
America stretching from northwest to southeast. The absolute lack 
of the first division of the Carboniferous authorized the belief that 
during the time when equivalent strata were deposited elsewhere the 
elevating movement continued and the geographic outline remained on 
the whole unchanged or with slight addition." The Triassic seems to 
have Ix'en a time of lakes and lagoons and of gradual subsidence and 
was followed by the Jurassic, * 'characterized by continental seas and 
deep water," which continued till mid Cretaceous days, when "a gener- 
al elevation set in, resulting in the emergence of almost all the area 
which had been covered by the sea." until "at thel)eginningof theOen- 
ozoic era the sea had abandoned all the center, parts of the south and 
north, and all the west of the country, but it still covered the northeast 
roast anl southeast." Mexico then was a large {H'ninsula with its point 
in th»* proKont "Central AmiM-ica." and of less size than now. Elevation 
in the ''arly Eocene extendinl its limits to the east but part of this was 
aixain lost in thf Miocene* when an invasion on the west produced the 
^nilf «)f California. At th«' f^nd of the Mioeenc the peninsula of Yuca- 
tan rincrtjfj'd, and this ♦^levation n'stoml durin«j: the Pliocene, so much 
of thr [)n'vi<ms loss as to give to Mexico nearly its present form and 
size. E. W. C. 
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Pdlcjeontologiska notiser J at Gerhard Holm. Geo!. FOren. i Stock- 
holm FOrhandl. Bd. 19, Hft. 3, 1897. In Bome palsef^ntological not«*8 by 
Dr. Gerhard Holm we find notice of the occurrence of the rare and pe- 
culiar fossil Tof^ellella IcBvigafa Lnrs., at a new locality in Sweden. 
ToiTellella is separated from the Hyolithidce because of its phosphatic 
shell, and this shell, like that of the Conidariidce^ seems to have been 
exceedingly thin, for Holm says that the shell flattened in slate has only 
the thickness of paper. 

Incidentally it is spoken of as connecting more closely the subfaunas 
of OleiielluH (Holuiin) kjerulfi and Olenelltui {SchvUdtia) michwitzi. 

Holm discussas the relation of the two Olenelii above named and 
Olenellas {MenoiKwiii} vernwntana and says that F. Schmidt^s latest 
note on O. michwitzi shows that he finds it more closely relate<l in pleu- 
ra and pygidium to O. fg'enilft than he had at first thought. In the 
form of the glabella, however, to which Holm does not refer, there is a 
fundamental difference. 

A second note by Dr. Holm describes the ectosiphon of a species of 
Eiidocer<is (E. burchardii Dewitz). The species appears to have lx?en 
described from drift fragments found in Grermany, and so belongs to the 
Swedish Ordovician rocks. Dr. Holm says it agrees perfectly with .\ . 
Hyatt's group EllipochtHinoida. The article is illustrated with two 
cuts of examples of E. burchardii from the inland of Oeland, and a fig- 
ure of a fossil referred to the genus Eiuloceras (subgen. SuccoQeran) from 
Dalarna is also given. o. f. m. 

Palceozoic FoshUh, Vol. HI, Part III, 4. The FohhUs of the Oahi- 
na-Trenton and Black River formatinriH of lake Winnipeg and itn vi- 
cinity. By J. F. Whiteaves. (Pp. 129 2*2, pis. 16-22, Ottawa. April. 
1897.) The geology of lake Winnipeg and its vicinity has invited the 
attention of numerous explorers. The extensive collections made with- 
in recent years in that region by Dr. R. Bell, Messrs. T. C. Weston and 
L. H. Lambe, and the investigations of Messrs. Tyrrell and Dowling 
have brought to light the richness and beauty of the Lower Silurian fau 
nas there preserved, and in the scientific portrayal of these. Dr. Whit- 
eaves renders profound service to his science. In the last number of 
this volume of the PaUjpozoic FohhUh the author gave a systematic list of 
all the sj^cies from the Hudson River formation of this region, and ihv 
present paper supplements this list with a similar one of all the othc*r 
known sfjecies of th«? I>iwer Silurian in the lak* Winnijn?^ dii»trict with 
the exception of ','**rtain stromatoporoids. The horizons especially rep- 
resented are th*» entire Utica and Trenton formations inclusive of the 
Galena. A notf-wortby feature of these faunas is the remarkable nize 
attained by many of their species, a p.^culiarity whioh seems to b** shar- 
ed by all class*»s. if s^iiiiewhat more strikinjjiy extMupIiried in the Cephal- 
opoda. The author cit*»s H^iceptacnlitis mnni as attaining a diameter 
of 12-20 inchefi: StrPidelaMma robnstntn. 7 inches in length; the hrmth 
iopod. HaliiieHfinina lata.^'mche^ alon*: the himre: Maclurca, H\^ in- 
ches in diameter and Hornwtoma, S inches Kuig: EwUH-eraii mdmnntUti^ 
turn, G fe*'t long and broken at both tMids; Potrritjceran, 7 ioulumlmdi 
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aoaeter; shells allied to Barrandeoceran^ nearly 2 feet across antl frag- 
ments of Isotelus gigas, indicating a length of 20 inches. 

Such general attainment of unusual size soems to the reviewer from 
the consideration of similar phenomena at other horizons, possible only 
on a deeply embayed coast where life conditions have been exposed to 
minimum infringement. j. m. c. 

The morphology of the Oraptolites has in recent years been the sub- 
ject of much painstaking research. The results have been of great in- 
terest though the mucl^ discussed zoological affinities of these extinct 
organisms will hardly be regarded as yet determined. 

Some of these late investigations have been largely directed to the de- 
termination of the conformation of the rhabdosome and the character 
of the cells or thecfe, and these have, for the most part, been based up- 
on isolated mono- or diprionidian stipes preserved in their natural ful- 
ness in limestone matrix. Such are largely the studies by Holm, Wi- 
raan, notices of which have appeared in this journal: by Jaekel (Zeitschr. 
der deutsch. Geolog. Gresellsch, vol. 41), Perner (£tudes sur les Grap- 
tolites de Bohdme, 1894) and Gtlrich (Zeitschr. d. d. geolog. Gesell. 
vol. 48, 1897). The work of Holm and Wiman has been most resource- 
ful in the adaptation of various mechanical means to the development 
of material and the achievement of the objects sought. While these in- 
vestigations have elucidated the conformation of the rhabdosome, the 
really remarkable discoveries of Ruedemann pertaining to the morphol- 
ogy of the entire colony in Diplograptua^ as well as their development 
and mode of growth, have been based upon specimens preserved in the 
Utica shale which has been deposited under such conditions of quiet- 
ude as to retain the colony without dismemberment. 

Dr. Ruedemann 's preliminary account of these discoveries appeared 
in the American Journal of Science for 1895 (vol. 19), while his com- 
pleter paper, just issued, is in the Fortieth Annual Report of the N. Y. 
state geologist (1897), pp. 219-249, pis. 1-5, to which the reader is refer- 
red for a study of the author's remarkable illustrations. The fronds of 
these diprionidians are shown to be umbrella-shaped colonies, the com- 
ponent stipes of which radiating from a central disk, are not of the same 
length, in this unequal length evincing their unequal age. At the center, 
also, either above or below the central disk, is a quadrangular body which 
the author originally interpreted as a float or pneumatocyst similar to 
that of recent Siphonophora . With later evidence, a different function 
for this organ, now termed the basal cyst, is suggested, namely, a con- 
trivance which secured the stability of the colony in the ooze of its hab- 
itat. Gonangia, which have been suspected and even alleged by other 
authors, are here clearly demonstrated, existing in a single cycle at)out 
the central disk and it is confidently asserted that the embryo grapto- 
lites, or siculai, are observable within these gonangial sacks, attached 
by their apices to a central base. The analysis of these fossils demon- 
strates a near relationship between Diplograptus and the Sertularians, 
but upon the possession by the graptolites of the horny sheath in the 
embryo and the horny axis of the rhabdosome, it is proposed to place 
these organisms in a distinct and new class, the Rhabdophora. 
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The development of the colony from the embryo is thus summarized. 
*'l. The detached sicula is provided with a basal appendage, to which 
it is attached by means of a little round node. 

2. The node becomes a central disk and funicle. The sicula pro- 
duces at first one theca, then a second, a third, etc. 

3. With the budding of the first thecoe, the growth of the gonangia 
already begins, with usually four small capsules. 

4. The further growth is marked by a remarkable lengthening of the 
hydrocaulus and a continued budding of thecie at the proximal end 
of the primary rhabdosome, along the hydrocaulns and toward the 
center. 

5. At last the gonangia mature and open. Many, or perhaps all of 
the siculsB, remain connected to the parent colony. The colony consists 
now of a rhabdosome, about half developed, which is the primary one, 
bearing a basal cyst, central disk and funicle, and on these, bundles of 
siculaB. 

6. These siculse grow out to rhabdosomes, the process beginning 
again with a lengthening of the hydrocauli. 

7. After this first generation of rhabdosomes has reached a certain 
age, a second generation of gonangia begins to grow. 

8. These latter open again and produce a new set of siculaB around 
the center. The colony consists now of the primary rhabdosome, a ver- 
ticil of young rhabdosomes, and another of siculae. This process is con- 
tinued, the successive generations of gonangia producing siculse which 
in turn develop into verticils of rhabdosomes." j. m. c. 

The Bulletin of the Miiseu Paraense (Para, Brazil), which has com- 
pleted its fourth number, gives gratifying evidence of the vitality of that 
institution. Its papers on the general natural history and ethnology of 
the state of Para and of Brazil generally, are of extraordinary interest 
and make a very creditable showing for this young museum and its in- 
dustrious director, Dr. Emilio Groeldi. Dr. F. Katzer, who is widely 
known for his '^Geology of Bohemia," has recently been appointed chief 
of the geological section, and contributes to volume 1, no. 4, October, 
1896, an interesting paper on the oldest fossiliferous beds of the Ama- 
zon regi<m. Rocks of middle or upper Silurian age were discovered 
along the Rio Tromketas by the Morgan expeditions and their fossils 
have been identified by Hartt, Derby, and pretty fully described and il- 
lustrated by Clarke. Katzor now records the occurrence of graptolites 
along the Maecurie river, where, heretofore, only Devonian rocks have 
been recognized. Associated with them are masses of hexactinellid 
sponge spicules. The graptolites are not particularly described, but 
their presence may be regarded as indicating lower or upper Silurian 
rocks in that region. Hexactinellid spicules have been observed by 
Clarke in the middle Silurian of the Tromketas, but graptolites have 
not before been reported from Brazil. j. m. c. 

Uebi'i' Dicti/onema cavernosum, n. sp.y von Karl Wiman. (Bull. Greol. 
Instil, of Upsala, No. 5, Vol. Ill, 1896.) The description of this species 
which is very full is based on material prepared by the new methods 
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used of late by the Swedish, German, and some English observers, 
which have yielded such excellent results with the Rhabdophora. In 
accordance with his view of the life history of individuals of the above 
genus Herr Wiman shows in I>. cavernosuvi the presence of three kinds 
of individuals in the rhabdosome, viz., nourishing individuals, budding 
individuals, and sexual individuals, or gonangia. 

The article has four figures, mostly prepared sections of individuals 
of this species showing the mode of growth and a plate showing por- 
tions of the rhabdosome natural size and enlarged, and sections of the 
cells further magnified. o. f. m. 

Kariibrisch-silurische Facie sbilguugen in Jemtland^ von Karl Wi- 
man. (Bull. Gaol. Instit., Upsala, No. 5, Vol. Ill, 1896.) The aspect 
of the Cambro-Silurian formation (terrane) of Jemtland as shown by 
this account of studies made in that province, differs considerably from 
that of the formation in southern Sweden, notably in the absence of the 
older part of the series. In the conglomerates at the base Eiwycare 
latum is the oldest type of trilobite found, so there would appear to be 
no recognizable Cambrian portion; even Olenus (sens, strict.) seems 
wanting. This is in accordance with facts observed elsewhere in north- 
ern Sweden where the land was not submerged so early in Cambrian 
time as it was in the south. 

The gray southern limestone is said to conform more closely in aspect 
to the Norwegian type than to that of southern Sweden : and this not 
unnaturally seeing that the western Cambrian areas in Jemtland lie 
along the Norwegian borders and ai'e not more than forty miles from the 
Atlantic. Dark shales prevail in the central part of the province, but 
quartzites both to the north and south. This Cambrian tract in Jemt- 
land is opposite where at theTrondhjem fjord the Atlantic nearly cuts 
across the Norwegian mountains. 

The paper is illustrated with a number of seetions, two plates and a 
map of the Cambro-Silurian of Jemtland. g. f. m. 
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CORRESPONDENCE. 



American Association for the Advancement of Science. The 
forty-sixth cannual meeting began at Detroit on August 9th. The death 
of Prof. Cope left the Association without a prepident and the vice pres- 
ident, W J McGee took his place. After the usual preliminaries of the 
Association the sectional meeting began. By previous arrangement it 
had been settled that the geological section should suspend its meet- 
ings on Monday and Tuesday in order to afford the geological society 
an opportunity to hold its meeting. Consequently after the general ses- 
sion on Friday the latter society met, with Prof. E. Ortou, the president 
in the chair, and the proceedings opened with a paper by Prof. Simonds 
of the University of Texas, on the granite area of Burnet county in that 
state. In this an account was given of the granite quarries and bosses 
found on the Colorado river near the junction of the Llano. The rock 
contains feldspar, clerfr and milky quartz, and biotite mica. The speak- 
er after describing the country and its rocks entered on a comparison 
of the different opinions of Walcott, Hill, and Comstock regarding the 
age of this granite, and concluded in opposition to most previous writ- 
ers that it is of post -Carboniferous and possibly of Cretaceous date. 

Mr. Bayley Willis followed with a paper cm the Eocene and Miocene 
freshwater deposits of Washington. After describing the strata of that 
age on Puget sound, 5000 to 7000 feet thick, he showed how these had 
been folded, faulted and overthrust, as have the Paleozoic beds of the 
eastern part of the continent. The compressing however in the present 
case acted from the west instead of the east. During the consequent 
movement the coal beds acted as a slide and the roof slipped over the 
floor, crushing the coal to powder and leaving rounded masses in the 
midst of it. The coal varies from lignite with twelve per cent, of water 
to good steam coal with only three per cent, and this proportion of wa- 
ter is in inverse relation to the amount of disturbance that has taken 
place. 

The loess as a land deposit was the subject of a paper by J. A. Udden 
of Rock Island. The writer took the wide view of the loess, including 
in it all forms and conditions of this material— that in the river valleys 
and that at all altitudes — and maintained that it was all due to wind- 
action and was an accumulation of dust carried in the atmosphere. lie 
argued that its lack of assortm'ent was conclusive proof that it was not 
of aqueous origin. This view of the subject was strongly combatted by 
some members who considered that the loess was due not entirely to a 
single agency. 

Dr. J. W. Spencer presented a paper on the relation between subma- 
rine valleys and land declivities. He argued that the sea bottom was us- 
ually the continuation of the land surface under water and illustrated 
th^ doi'trint' by quoting the extension of submarine river valleys out to 
sea chiefly in the Antillean region. Their contours he argued proved an 
elevation of 8000 to 10000 feet in that region. Thus the Mississippi val- 
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ley was continued out into the gulf of Mexico and two buried channels 
run east and west from cape Sable, the former bein^ called the Baha- 
luan and the latter the Floridan. Over the col between the two flows 
the gulf stream. 

In a second paper Dr. Spencer described the geology of Mexico anci 
from recently published maps of that country took occasion to point out 
that the coast plateau is a continuation of that of Texas and rose to the 
hight of 1700 feet. It is of Lafayette and Columbian date. The cen- 
tral cretacean plateau rises to 8000 feet and forms the largest area. The 
isthtnus of Tehuantepoc now reaches a hight of only 800 feet and was 
in late Pliocene and early Pleistocene times completely submerged al- 
lowing passage between the two oceans. The last conclusion is war 
ranted by the resemblance between the shallow water faunas of the two 
sides of the isthmus while the inhabitants of greater depth show little 
resemblance. The Pliocene strata have in some places been elevated to 
a hight of 8000 feet. 

Prof. P. B. Taylor took up the controverted subject of Niagara and 
advocated the view that the wide portion of the gorge below the whirl- 
pool and a small part of that above it was cut by the river imme- 
diately after the retreat of the ice and when the whole water of the lakes 
was poured over the cataract— that the narrow part above is the work 
of the smaller stream when part of the wat^r was drawn off by the Ni- 
pissing outlet into the Ottawa river, and that the wider portions from 
the cantalever bridge to the present falls is due to the greater body of 
water ensuing on the uplift and closing of that outlet. Some discussion 
followed partly in favor of Mr. Taylor's views and partly in opposition. 

In a second paper Mr. Taylor pointed out a possible, now extinct, chan- 
nel from the Georgian bay to the river Trent by way of lake Simcoe, al- 
so dependent for its existence on the closing of the Nipissing channel. 

The last paper read was by Mr. W. H. Scherzer of Ypsilanti, Mich., 
and gave a clear and interesting account of the strata in the vicinity of 
Detroit. It concerned chiefly Monroe and Wayne counties. Large 
quarries of the Corniferous limestone expose about 15 acres of the rock, 
which has been quarried to a depth of 30 feet, the whole thickness be- 
ing lOO-l'K) feet. It contains much chert. The Onondaga and Water- 
liiup together reach 2000 feet and are very barren of fossils. The latter 
contains beds of the peculiar Sylvania sandstone of the Ohio survey in 
which occasional fossils have been found— the only case on record. The 
minerals of the Lower Helderberg are celestite and calcite in pockets, 
and sulphur of which 200 barrels have been taken out within two years. 
The most valuable mineral is the salt of the Onondaga group of which 
3 beds exist near Detroit, the topmost at the depth of 800 feet, the sec- 
ond at 1200 feet and the third at 1800 feet. They have a combined 
thickness of 600-700 feet, including gypsum and shales interbedded. 
They thin away to the south and disappear within a few miles. 

The society then adjourned to meet next May as Section E of the 
A. A. A. S. 
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The following papers were read by title: 

Notes on the geology of the lower peninsula of Michigan, Alfred C. 
Lane. 
The nomenclature of the Carboniferous formations, Robt. T. Hill. 
Ice-transported boulders in coal seams, E. Obton. 
Clay veins vertically intersecting coal measures, W. S. Gresley. 

Section E, A. A. A. S. Vice-president I. C. White was absent hav- 
ing gone to St. Petersburg to attend the International Congress of Gre- 
ologists. Prof. E. W. Claypole of Akron, O., was elected by the section 
to till his place as chairman. Prof. White had sent his address which 
was read by Prof. Claypole. It treated of the Pittsburgh coal bed de- 
tailing the character of this vast mass of mineral fuel, and giving sec- 
tions of it at various places to show its regular structure many miles 
from its typical exposure. The persistency of the very thin shale part- 
ings only a quarter of an inch in thickness over many hundred square 
miles of country is exceedingly striking and characteristic. Prof. White 
also pointed out the important discovery that this sheet of coal is miss- 
ing over 5000 or 6000 square miles where it has been hitherto presumed 
to be present. Its whole area is thus reduced very largely and the Ap- 
palachian coal stores lessened to an equal extent. 

Prof. P. B. Taylor pointed out to geologists visiting Detroit some of 
the leading features of its surface geol(»gy. Reviewing previous work 
he dwelt on the previous condition of the lake region when it was cov- 
ered with a single sheet of water of various extent at different dates — 
Warren water and lake Algonquin being especially mentioned. Pass- 
ing on he urged that the last movement about Detroit had been one of 
depression as evidenced by the deep water in the streams entering the 
river which is out of all proportion to their breadth, (generally speak- 
ing he considered that their beds had been cut down to a level about 30 
feet below the present. Mr. Taylor made arrangement to guide some 
of the geologists in a short excursion to examine a few of these deep 
channels that could be seen in the city of Detroit. 

Prof. Spencer reviewed at some length the researches made in the Ni- 
agara district giving historically a sketch of the contributions of all who 
had taken an active part in the work and stating the present condition 
of its chief unsolved problems. Mr. Gilbert gave the evidence obtained 
by himself and others regarding post-glacial changes of level in the re- 
gion and entering into detail showed that by measurements made as ac- 
curately as the conditions allowed, he had provisionally demonstrated 
an elevation of •J4 of an inch at Sackett's harbor as compared with 
Charlotte in 20 years, one of 3 inches at Port Colburn as compared with 
Cleveland in 37 years, one of IV2 inches at Point Austin as compared 
with Milwaukee in 20 years, and one of 2 inches at Escanaba as compared 
with the same. Generally he inferred at these four stations the following 
conclusions: that in 100 years the rate of elevation was 37,66, 39 and 46 
feet respectively. Following these results into more detail he advanced 
to prophecy and said that if the results above given were actual and con- 
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tinuuuB the oatlet of the lakes through Chicago would eventually be re- 
stored and that at Niagara dried up, that in 1000 years water would be- 
gin at times to flow over this ridge and would be continuous in 1500 
years, that in 2000 vears the stream would equal Niagara, that in 2500 
years Niagara would intermit, and in 3000 years would cease altogether. 

Prof. Chamberlain resumed the consideration of loess and in substance 
agreed with previous speakers in the opinion that it was not due to aqu- 
eous or to aiolian origin entirely but that both had been concerned in 
the work. It graduated he said in some places into glacial clay and 
passeil below into coarse sand becoming finer also as it recedes from the 
edge of the ice sheet and from the bcirder of the rivers. The great ele- 
vation which it reached —1000 feet above sea level in souie cases— ex- 
cludes water as the sole depositing agent. The suggestion was accord- 
ingly made that much of the material had been lilown up the gentle 
glacio-fluvial slopes and deposited upon the higher levels. This of course 
implies a dry time. The demarkation of the loess due to the two agen- 
cies is difficult, perhaps impossible, but one of the chief efforts of geolo- 
gists working in the region should be to discover marks of differentiii- 
tion between the deposits and so learn how to distinguish them. 

Prof. Albert Penck of Vienna, bt^ing called upon by the chairman, re- 
spondecl with a brief account of the loess in its typical region, the Euro- 
pean Alps. He would approve the view of its double origin and said 
that the same conclusion had been reached in Europe. He regarded 
the loess aa peculiar to the northern portion and said that it did not oc- 
cur on the pouth side of the Alps, where he also added there was evi- 
dence of recent deprepsion which was lacking on the north. 

The section concluded its meeting on Thursday afternoon, leaving Fri- 
day free for various short excursions to local points of interest. On Sat- 
urday a general excursion to the St. Clair flats was announced and that 
arrangements had been made for those members of the Association who 
desired to do so to attend the meeting of the British Association at To- 
ronto, beginning on the 18th of August. 

The unsolved and interminable problem of Niagara was taken up by 
Prof. F. R. Taylor who attempted what may be called a correlation of 
the views of geologists regarding this gorge and the retreat of the ice. 
After sketching rapidly the circumstances attending the formation of the 
Niagara river he called attention to the difference in width of the chasm 
at different places and explained it by the theory that it was due to the 
varying quanity of water going down the river. In the earliest stage 
the water of the whole system of the four lakes united passed over the 
falls. Then for a time an outlet was opened by the Nipissing valley in- 
to the Ottawa and only the water of lake Erie such as it then was came 
in this direction. Later by an uplift of the land this outlet was closed 
and the whole drainage again sent over Niagara. During the former 
of those intervals Mr. Taylor thinks that the narrow channel between 
the cantalover bridge and the whirlpool, except the lower 400 yards, was 
I'xciivated and the wider portions above and below these t>oints by the 
greater river of (earlier and later time. Mr. Taylor also briefly referred 
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to a temporary phiinnel through lake Simcop for the itrninaBe of tht* 
Georgian bay while the iliBtrk-l to the north ward waa occupied by a laltp 
of the glacier. 

Prof. H, F. Osliorn gave ud nddress od h new regiuaof v'erlel'rale foH- 
silfl in the west which he hae namet) the Huerfano. It is in the hori- 
zon ot the Lower Eocene anil Prof. Oebom has divided it into u lower, 
middle and up[jer porlione. The Hi'Bt and eecond are conteniporaneoue 
with the Piierci), Green River and Wachsatch, and thft thint with the 
Brjdger beds of the Tertiary. LJke others they are the fresh water depos- 
ilB of an ancient lake into which were washed thu relics of the BUr- 
roundind fauna. The thickneea of the shale is 8000 feet and the liedn 
ovei'lie the laccolites of Silver mountain and Spanish peaks. The fi)SsilB 
of the !)edB were not descrilied. 

"The Chicago Outlet" was the title of an addreesby Mr. Prank Leve- 
rett. The suhstunce of Mr. Leverott's contribution, which was rei^nt- 
ly printed by the Chicago Aeademy of Science was as follows. The 
outlet was the channel of escape for the waters of n lake which existed 
during the ice a^e and for nhicb the name of lake Chicago has been 
proposed. This channel led from the Michigan liiiBiu by a double course 
around the site of the present city and is cut chietly through soft mo- 
rainic and other glacial material, but to a slight extent in Ibe limestone 
rock. Mr. Leverett describe<l two stages in the hiBloryof lake Chicago, 
marked by distinct beacben. 

Prof. W. N. Rice presented a review of the various theoriHs icgarding 
volcanic action and expressed his preference tor that which was based 
oi> the view that the viscid core of the earth was kept solid by pressure 
and that the local relief of this pressure cHUse<l liquefaction of the ma- 
terial which was followed by outflow. 

Mr. Parnielee preseotet! a tew noteBon the minerals of Cripple Creek, 
Col., and B|ioke particularly of an ore of gold consisting largely of tellu- 
rium which was Eeparated by heat as telluric acid. He showed a smalt 
hut very nearly perfect crystal of this compound. 

A very remarkable coral from the Hippurte limestone ot Jamaica was 
described at length with specimens and'illuBtrations by Prof. R. P. 
Whittlcld ot New York. Barrettkt monilifem is ii massive form, the 
specimen shown being at>out 18 inches long by 3 inches in diameter. It 
is calyptrate and the genua has lieen mistaken by previous writers work- 
ing on less perfect examples for a bivalve mollusc. Full details cannot 
be given her* but will apriear in the Bulletin of the N. Y. Museum of 
Natural History. 

Two other jmpers. one on "leejams ai»l their glacial effects," and 
the other on '■Carboniferous strata <)f Michigan," closed the program. 

Few of the foreign geologists were present at Detroit. Prof. Pcni^k of 
Vienna, alreadv mentiimed. Prince Kvapotkine fnun Kent. F.ngland, 
and Dr. H. P. Trui-ll from VVi<-klow, Ireland, were present at severid of 
the wBMionH. 

A joint wssion of the si-ctions i.f ircoli.gy ami geography wat; held or> 
Wednesday afternixm to hear and discuss several papers on ain'L.-iit miir. 
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in the Delaware valley. Aftw a few notes by Mepsre. Knapp and Kum- 
mell, Prof. Putnam reviewed, the work of the past 20 years by Dr. Ab 
bott aiid others and the various views that have been held regarding? its 
results. In order to attempt a decision on some of these points several 
geolo^^ists met at Trenton iri June last to make a careful examination of 
the jjfround. Prof. G. F.Wright statexl that the results obtained did not 
materially differ from those previously obtained. They were therefore 
claimed in part by both sides of the controversy. The ground is a farm 
tielonging to the MiKses Lalor, who have become much interested in 
the investigation and have allowed the archaeologists to dig it over at 
their own will and excluded all others. Much discussion tcK)k place on 
the m(xle of deposit of the sands overlying the true and undisputed gla- 
cial gravel, some maintaining an sBolian and "others an aqueous origin. 

Prof. Holmes followed and dwelt strongly on the results which attend- 
ed his own search of the material thrown out of a trench, in which as 
he has already stated in print, he was unable to find any trace of man. 
He urged the-disturbances to which the ground had been subjected and 
maintained that it had extended to a much greater depth than was gen- 
erally allowed and in consequence of this he considered the implements 
as intrusive. 

A short paper by H. C. Mercer was then read, giving an account of 
some trenches which he had recently dug, but which again contributed 
nv)thing of noveltry or importance. The same may be said of the note 
contributed by Thos. Wilson, while Prof. Salisbury took strong views 
against the glacial date of the sand beds overlying the undurated gla- 
r*ial gravels of the valley. Prof. Salisbury's views on the subject are 
well known and he asserted that nothing had occurred to change them. 
He detailed at some length the geology of the valley and stated his be- 
lief that the date of the sands in question was indeterminate. An act- 
ive but entirely friendly discussion followed, in which Prof. Penck of 
Vienna, Profs. Chamberlin, Wright. Putnam, Claypole, and others took 
part. Prof. Putnam stated in addition to his former remarks that a 
human skull had been found in the excavation for a new gas meter at 
Trenton at a depth of 1,3 feet but had not yet been examined carefully. 

The discussion was animated and long, the session continuing until 
nearly G o'clock. 

The Toronto meeting of the British Association for the Advancement 
of Science opened on Wetlnesday, August 18 and continued during the 
whole week. The president of the year is Sir John Evans and the sec- 
tion of geology was presided over by Dr. Greo. M. Dawson. The section 
met in one of the many buildings scattered over thw spacious grounds 
of the University of Toronto. The main building which has risen from 
the ashes of that in which the American Association met a few years 
ago and which was unfortunately burnt down soon afterward, is a hand- 
some stone structure about .300 feet in length in front and forming three 
sides of a triangle. Here were housed the general officers of the Associ- 
atiou and some of the sections. 
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In the geoki^eal sectioD several important petrogrraphical papers were 
preeented. Messrs. Barlow and Ferrier illustrated the structure of a 
small area of granite which they had recently studied, with a series of 
lantern slides showing a peculiarly increasing amount of chemical met- 
auiorphism and at the same time a slowly rising rate of movement among 
the particles of the rock. Mr. Miller spoke of the presence of very small 
amounts of nickel in some of the Canadian iron orea, and discussing the 
merits and demerits of the titaniferous ores he suggested that possibly 
some of the useful properties attributed to the titanic iron might be ra> 
thcr due to the small amount of nickel contained in them. 

Mr. J. B. Tyrrell laid before the section an account of the recent work 
of the Dominion survey on the different ice-sheets of Canada. He said 
that evidence showed that the earliest to form was the Cordilleran on 
the Rocky mountains and that its ice spread over the plains to the east 
carrying drift outward from that range as a centre in all directions. On 
the retreat of the Cordilleran glacier the Keewatin ice -sheet advanced 
from the region west of Hudson bay and overspread all the north-cen- 
tral part of the country, extending down far into the United States. 
This was subject to several recessions and before its final retreat the 
third ice- mass advanced from the Labradorian region and became con- 
terminous with the Keewatin, holding behind their united points the 
glacial lake Agassiz. Finally both receded and the post-glacial period 
began. 

Mr. John Milne gave a most interesting summary of his recent report 
on the volcanoes of Japan, to summarize which here is quite impitssible. 
Many of the details given were also announced in the evening lecture, 
which will be mentioned later. 

Mr. Seward of Cambridge discussed the relation of the Carl>oniferou8 
genera Bennettites and Williamsonia, and from a study of their struc- 
ture and a comparison with other forms had been led to the conclusion 
that the two really form but one genus. 

Prof. Fairchild gave at length a view of the condition of the surface 
geology round the region of the finger lakes of New York, giving the 
views of the geologists who have written upon the subject and sketch- 
ing the glacial history of the region. 

Prof. F. D. Adams followed with a petrographical paper discuKsing the 
nature of some of the gneisses and gneissic rocks of the Grenviile series 
of Canada. He showed the close agreement in ultimate analysis between 
some of them and certain shales and argued that the former were only 
highly metamorphosed forms of the latter. 

In an address illustrated with lantern slides, Dr. E. \V. Claypole 
sketched the palaeozoic geography of the eastern United States and in 
a series of maps showed the varying forms of the continents and seaa 
as Silurian and Devonian times passed by. The princijjal feature wa» 
an elevation of the southern p(^rtion, which progressed through Silur- 
ian and Devonian times until it came to an end and an opposite motion 
set in during the upper Devonian sub-era. 

The evening lectui-es constitute a very interesting and useful part of 
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tho meeting, being usually given by men who are thoroughly familiar 
with the subject down to the most recent developments and who are al- 
so able to impart to- it that element of life which is essential in a popu- 
lar address. They are calculated to diffuse a knowledge of science among 
the general public. Prof. John Milne spoke on the subject of earth- 
quakes on which he is a past master. Discarding all other views he fix- 
ed the attention of the house on the modern doctrine that the earth- 
quake is only the result of a slip of the strata along a line of crack or 
fault, which produces a wave or vibration whose emergence at the sur- 
face causes the tremor or the quake. He illustrated his difficult theme 
by many striking examples showing that these waves are transmitted 
not only through the superficial strata but also through the solid globe 
so that after a certain distance from the epicentre is reached the vibra- 
tion arrives at all parts of the surface at very nearly the same instant. He 
described the methods of observing earthquakes and very briefly some 
of the instruments employed, and told the audience that from his own 
observations made in England he had announced to the British Associa- 
tion on August 31, 1896, that news would come of a severe earthquake 
in Japan at a certain instant. In due time this prediction was verified, 
the actual time being one minute later than his prediction. 

Passing to submarine disturbances, Mr. Milne mentioned that they 
frequently caused the breakage of the telegraphic cables, and where ex- 
amination was made it was constantly found from soundings, that an 
extensive landslide had taken place, burying the wires so that the only 
way of repairing them was by dragging until they broke and abandon- 
ing the buried portion. In one case the depth was increased 200 fathoms 
and in another, three of the Atlantic lines 10 miles apart were broken 
at the same moment showing a slip of 20 metres in length. Prof. Milne 
showed a number of slides, some of which were very striking, as illus- 
trating the mode of destruction suffered by railroad tracks, girder bridges 
and other structures during an earthquake. He explained the economic 
value of the study and showed how the principles of engineering follow- 
ed in stable countries must be modified in Japan and how by years of 
study he and his colleagues had succeeded in establishing data and lay- 
ing down rules for seismic construction whereby even tall chimney 
stacks can be erected with safety and will sway to and fro without fall- 
ing during a shock. 

Prof. Robert Austin lectured on '^Canada's Metals" and enlarged on 
the enormous stores of these which exist in the Dominion. The nickel 
mines of Sudbury can supply the market of the world, and more cheap- 
ly than any other, inasmuch as the copper obtained as a by-product 
pays the cost of tho smelting, leaving the other metal as pure profit. 

Ho showed some striking experiments with the electric furnace in 
which the audience could see projected on the screen such metals as 
gold rapidly fusing and falling in that condition from the ends of the 
bars. 

The presidential address, as might be expected from the well known 
tendency of the author. Sir John Evans, was archadological in its na- 



202 The American Geologist, Sc^ptembcr, i<$97 

turc. It consisted largely of a general review of the history of the doc- 
trine of the antiquity of man in Europe. In some respects the views cif 
the speaker were at variance with thost* of geologists on the subject, 
but the geological side of the question was very slightly touched. 

The points on which stress was laid were the imtnense antiquity and 
wide dispersion of palaeolithic man and the clear and sharp distinctioD 
between his w«)rk8 and those of neolithic man. The speaker enlarged 
on the importance of preserving the traces and relics of the fast dis- 
appearing savage races of the earth, and eulogized the efforts of the 
governments of the United States and of Canada in so doing. 

On Monday afternoon the section of geology adjourned in order to 
visit the remarkable glacial and interglacial deposits at Scarlxjrough 
Rights, under the guidance of Mr. Coleman and Dr. Spencer. These 
beds reach a thickness of about 300 feet aUn-e lake Ontario, and contain 
at least two beds of glacial clay and stones with interbedded fossils, 
fishes, sand and shales. They are cut through and exposed by several 
gullies which reveal their structure from top to bottom. They are re- 
garded as the estuarine dejxisit of a great river emptying into the lake 
in interglacial time and at various dates. 

Shortness of time prevents giving a full account of this meeting. We 
hopt* to complete it next month. 

A joint session of section C (Geology) and I (Anthropology) was held 
on Weilnesday morning to take up the subject of the antiquity of man 
in eastern North America. The chief speakers were Prof. F. W. Put- 
nam and Dr. E. W. Claypole. The former gave a summary of the evi- 
dence already at hand regarding the implements found in the Trenton 
gravels con(?erning which the dispute has been so long and complicated. 
The latter gave a rai)id account of the evidence in the recent case of the 
discovery of the Masterman axe at New London, Ohio. As both these 
are already before the readers of this magazine it is unnecessary to re- 
state them at length. (See Am. Geoi.., Nov., 1896.) An animated discus 
sion followcKl in which Sir John Evans, G. M. Dawson, Dr. Spencer, Mr. 
McGee and (►thers spoke. Prof. Putnam and Claypole replied. A 
somewhat guarded tone was observable during the discussion and both 
sides kei)t carefully within the lines of the evidence and the argument. 

INTERNATIONAL GEOLOGICAL CONGRESS. 

Guide to the Excuksionp. The ccmiinitteeof the seventh Interna- 
tional Congivss, now meeting in Russia, have issued a most comprehen- 
sive f,'uido for thiMr visitors from abroad. No one (m looking at it will 
l)e at all surprised that it failed to appear exactly on time. The thanks 
of all, both those who went and those who stayed, are due to the 
thoii^rhtfulness of their Russian (!ollal)orator8 in geology for this detail- 
ed and Infant if ully arranged volume. 

It o»n tains about .")CK) ])ages of letterpress and numerous illustration a. 
An oxeellpiit geoloirioal map of Russia in Euro|)e is contained in. a pack- 
et at the i-nd of the volume. It is on the scale of 1:( 
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clearly in lettered colors the systems and groups of the Empire. It is 
from the press of A. Illyne, St. Petersburg. 

The volume consifts of 36 separate essays on the geology of the regions 
visited by the members, both before and after the meeting. They are 
fully illustrated with outline and colored maps, sections, tables, and re- 
productions of photographic views. It would be invidious to select from 
material of so valuable a nature, but the names of those who have 
borne the brunt of the work in arranging for the meeting of course fig- 
ure largely in the list. 

Every essay is separate and separately paged and by an excellent plan 
all are helti firmly together, by a spring cover which can be loosened in 
a moment and any one of the whole taken out for use. In this way the 
members can from day to day select the essays needed without burden- 
ing themselves with the whole volume, which weighs several pounds. 

Five of the essays are in Grerman and all the rest in French, the offic- 
ial language of the Congress. The typography and execution are excel- 
lent, distinct and sharp, the illustrations well done and the misprints ex- 
ceedingly rare. It is perhaps superfluous or even impertinent to con- 
gratulate the Russian committee on the excellence of the **guide** since 
they have evidently set out w^ith the intention that it should be as good 
as it could be made and for this end the intellectual part of the work 
has been ably supported by the mechanical. But we may certainly be 
allowed again to express our thanks to our Russian brethren in geolo- 
gy for the unstinted labor and care that they have expended on all 
parts of this monumental guide to their European dominion and to ex- 
press the hope that they will derive some compensation from the pleas- 
ure and profit which they have given both to those of their foreign 
friends who are with them in person and to those also who would be 
there if they could. E. W. Claypole. 



PERSONAL AND SCIENTIFIC NEWS. 



Prop. C. L. Hebrick, late one of the editors of the Amer- 
ican Geologist, has been elected president of the University 
of New Mexico, at Albuquerque. 

Dk. C. H. Gordon, of the geological department of the Uni- 
versity of Chicago, is about to sail for Europe where he will 
spend six or eight months in study and travel. Mail addres- 
sed to Valley Center, Michigan, will reach him promptly. 

Mr. Warren Upham returned to America, Aug. 28th, by 
the steamer St. Louis. With his wife he has visited Great 
Britain, Scandinavia, Denmark, Hamburg, Berlin, the Alps, 
and Paris. Besides a review of some features of Pleistocene 
geology he has made special study of the organization and 
administration of some of the great public libraries. 
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The American Association fok the Advancement of 
Science at its recent meeting in Detroit elected F. W. Putnam 
of Cambridge president, andL. O. Howard of Washington per- 
manent secretary. The vice-president of section K (geology 
and geography) is H. L. Fairchild of Rochester, and the sec- 
retary is Warren Upham of St. Paul. The next meeting, the 
fiftieth anniversary of the Association, will be held in Boston. 

Cafe of Good Hope. The tirst (1896) annual report of 
the Geological Commission has recently been published. Be- 
sides the otUcial reports it contains short papers on special 
topics, a map of tlie dolerites of Eastern Nieuwveld and a 
sketch plan of the Congo cave. The statf is as follows: G. S. 
Corstorphine, geologist: A. W. Rogers and E. H. L. Schwarz, 
assistant geologists: H. P. Saunders, 8ecretar3\ 

U. S. National Museum. On the recommendation of 
Hon. Chas. D. Walcott, acting assistant secretary of the 
Smithsonian Institution, in charge of the U. S. Nation- 
al Museum, an important change has been made in the 
administration of the Museum. Three sections have been or- 
ganized — a section of anthropology, a section of biologj and 
a section of geology, each having a head curator with an an- 
nual salary of $3,500. Dr. W. H. Holmes has been appoint- 
ed head curator of anthropology ; Dr. Frederick W. True, 
head cm-ator of biology, and Dr. G. P. Merrill, head curator 
of geology. Dr. True and Dr. Merrill are already connected 
with the Museum, and it is expected that Dr. True will con- 
tinue to act as the executive curator. Dr. Holmes leaves the 
Field Columbian Museum, Chicago, to accept this position, 
but was formerly connected with the U. S. Geological Survey 
and the Bureau of Ethnology (Science.) 

The Maryland Geological Survey has just issued its first 
volume, which is a very attractive report of over 500 pages 
and numerous maps. The second volume, which will contain 
a description of the building and decorative stones of the 
state, is well advanced and will be issued the coming winter. 
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SKETCH OF THE LIFE OF MICHAEL TUOMEY. 

By EuQENU A. Smith, University of Alabama. 

(Plato XIV). 

Practically all that is known concerning the early life of 
Prof. Tiiomey, has been brought together by Rev. R. D. Nevi- 
iis, of Taconia, Washington, in an article published soon aft^r 
Prof. Tuomey's death in the Alabama Educational Journal. 
The following sketch is a condensation from this article, sup- 
plemented by some remarks concerning his eminence as a teach- 
er, and as a geologist, and an annotated list of his scientific 
writings. The accompanying portrait is from a daguerreotype 
taken a short time before his death, and is considered by all 
who knew him an admirable likeness. 

Michael Tuomey was born in Ireland, in. the city of Cork, 
on St. Michael's day, 1805. His father, Thomas Tuomey, was 
a highly respectable man of industrious habits and of no in- 
considerable mechanical skill. His mother, Miss Nora Foley, 
was descended from a noble family. He was educated chiefly 
at home* and at his grandmother's in the country, where he 
spent much time in his early years. From his grandmother, 
who seems to have been in many respects a remarkable woman, 
he received his first impulse towards the study of botany, 
which he never intermitted, and in which he was always an 

♦Prof. Tuoiuey studied Latin and French, and to some extent Ger- 
man also, after he came to America. 
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enthusiastic and a proficient student. Nor was his mother 
less careful to instruct his taste in the study of beautiful views 
and landscapes. It was in these studies and amusements, no 
doubt, that he formed that habit of close observation in every 
department of science for which he was always distinguished, 
and here, no doubt, began an education in taste that after- 
ward became sensitively and even severely correct. 

With no other education than this,* so far as is known, he 
went from home at seventeen years of age, and joined a friend 
in teaching a school in Yorkshire, England; and from this 
early period liis own genius was his only monitor, and his own 
powers his only support; while his habit of minute observa- 
tion, wedded to his native genius, was to him the one smooth 
stone with which, in a firm reliance upon himself under God, 
and a modest demeanor which won for him the favor of man, 
he went forth like David, not indeed against an enemy, but 
into a department of learning whose difficulties were like a 
giant in his way. 

It is not certain, however, that he entered upon the study 
of that science in which he made greatest progress, in any 
other way than as an amateur, until, after giving up his 
school in a few months, he came to America. The exact date 
of his coming is not known. He remained several months in 
Philadelphia, after which he purchased a small piece of land 
in Pennsylvania, and with a gentleman he induced to accom- 
pany him, he entered into possession of an estate far more 
troublesome than lucrative. Finding farming a less congen- 
ial pursuit than he expected, he soon gave up his share of the 
land, and wended his way (travelling often for days on foot) 
to the eastern shore of Virginia, and there took charge of a 
country school in a neighborhood where he had stopped to rest, 
and where the people had been kind to him. His next engage- 
ment was with John H. Dennis, Esq., of Maryland, as private 
tutor in his famil}'', where he remained several years, greatly 
endearing himself to his patron and to his pupils. 

*Of Mr. Tuorney's school days at homo in the city of Cork, Rcarcoly 
anythin^^ is known. It is certain, however, that he went to some other 
school than that of his relative at his grandmother's, for at least a short 
time. He has been heard to speak of one of his teachers as one who, 
when the boys were fatigiie<l with study, used to entertain them with 
his violin. 
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It WHS while he was residing in the family of Mr. Dennis 
that he became acquainted with Miss Sarah E. Handy, a near 
rehitive of that gentleman, to whom afterwards, in 1837, he 
was married. 

In the meantime being anxious to pursue his scientific' 
studies, he went to Troy, N. Y., and was graduated from the 
Rennselaer Institute. After hie graduation he was engaged 
as engineer upon a railroad then in course of construction in 
North Carolina. The year after his marriage, which occurred 
while he was thus engaged, the monetary crash which was 
then prostrating business stopped work upon this railroad, 
and Mr. Tuomey entered into an engagement to teach math- 
ematics and natural sciences in the school of Miss Mercer, in 
Loudoun county, Virginia. Here he remained eighteen months, 
after which, with his wife, he established a seminary In Pet- 
ersburg, Virginia. While in Petersburg, Mr. Tuomey began 
to put his scientific acquirements to some practical use. Here 
he met and entertained on both his visits to America, Sir 
Charles Lyell ; here he made large collections in geology, min- 
eralogy and paleontology : here he entered into correspondence 
with Agassi z, with James Hall, state geologist of New York, 
with Prof. Bache, superintendent of the Coast Survey, with 
Prof. Dana of Yale college, with Dr. Gibbs of Charleston, and 
also with many foreign scientific men. 

It was near Petersburg that he discovered a bed of infuso- 
rial earth which was considered a great piece of good fortune. 
Foremost among the friends Mr. Tuomey made in Petersburg 
was Edmund Rufiin, so well known in the department of chem- 
istry and practical agriculture. By the kindness of this 
friend he was recommended to governor Hammond, of South 
Carolina, who appointed him state geologist of South Caro- 
lina in 1844. While thus engaged he became associated with 
Prof. Holmes, of Charleston, in the publication of a magnifi- , 
cent work on the fossils of South Carolina. He published 
also two official reports on the geology of that state. In 1847, 
he was appointed to the professorship of geology, mineralogy 
and agricultural chemistry in the University of Alabama. 
During his professorship, Prof. Tuomey began to make exam- 
ination of the geology of Alabama, the University defraying 
his expenses; and in 1848 he was appointed state geologist 
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without salary. In this relation to the State and the Univer- 
sity he continued one year, performing much hard labor in 
the field of developing the State's mineral wealth, and so im- 
pressing the Legislature with the importance of the survey 
that they made an appropriation in 1854 of $10,000 for the 
geological survey. Prof. Tuomey then resigned his profes- 
sorship and gave his entire time to the new survey, until the 
appropriation was exhausted. He then resumed his place in 
the University with the design of seeing, at his leisure, his re- 
ports through the press, and completing the office work of the 
survey. In this work, before either design was executed, he 
was prostrated by a disease which, at length, on the 30th of 
March, 1857, terminated fatally. 

Although Prof. Tuomey kept himself perfectly informed 
with regard to the progress of scientific discoveries all over 
the world and was a great and judicious reader, he was never 
so much a student of books as of nature. He was eminently 
a self taught man, and he possessed the faculty of giving his 
conclusions promptly and correctly, and of expressing them 
concisely. In social life. Prof. Tuomey, like all true, pure- 
minded men, who are learned, was an agreeable person. He 
WHS a man of great information, and his memory was stored 
with instructive facts and amusing anecdotes. These quali- 
ties, joined to the manners of a finished gentleman of the old 
school, and a manly, dignified presence, made him a most 
agreeable companion. His conversation was to persons less 
learned than himself interesting and instructive, without any 
effort or recognition of the fact in his own manner. In speak- 
ing he did not overawe his audience by his own profund- 
ity, nor strive, as many do, to impress them with the con- 
sciousness of how little they knew. It was a peculiar pleasure 
to him to discover and cfrttivate in those who possessed it, a 
talent and disposition to scientific pursuits, yet latent for 
want of books and encouragement: and there are many per- 
sons now living, who for themselves and their better instructed 
children, will ever have cause to thank him for their first im- 
pulses to a study which, though it may scarcely merit to them 
more than the name entertainment, has 3"et filled their cabinets 
with specimens, and stored their minds with much pleading 4lld 
important popular knowledge. 
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As a teacher Prof. Tuoraey possessed in a remarkable degree 
the faculty of interesting the student, and those even who 
took no particular interest in the subject matter of his lec- 
tures, were attracted by his style and found both entertain- 
ment and instruction in his discourses. His native Irish wit 
did much to render his lectures entertaining, especially to 
those who were not the victims of it, for it must be admitted 
that he did not always spare the feelings of the student at 
whose expense he could make a good point. He was particu- 
larly unmerciful in his rebukes and exposures of shams and 
affectations. 

The quality which attracted the students in his lectures 
makes his geological reports very interesting reading. I 
think no one can read one of these reports without having his 
interest enlisted from the start. One of the elements which 
contributes perhaps most to this interest, is the impression 
conveyed by his writings that the author is speaking out of 
the fullness of his knowledge. ' 

That he understood his business well is appreciated best by 
those who are best acquainted with his field of labor. His 
first report and map of the geology of Alabama were prepared 
after only two years of examination in the field, and yet the 
boundaries of the different formations were laid down upon 
the map with a very close approximation to correctness. No 
one but a mast.er of the subject could have accomplished so 
much in such limited time. His reports, after a lapse of forty 
years are still consulted. 

The only surviving member of Prof. Tuomey's family is 
Mrs. Nora T. Maclean of Chattanooga, Tenn. The other 
daughter, Minnie, was married after the death of her father, 
to the Rev. R. D. Nevius, the pastor of Christ Church in Tus- 
caloosa, now of Tacoraa, Washington. 

Mrs. Tuoraey and her two daughters lived in Tuscaloosa 
for a number of years after the death of Prof. Tuomey, where 
they were greatly beloved and respected. Prof. Tuomey's 
grave is in the New Cemetary at Tuscaloosa, marked by a 
white marble cross. 

Capt. Anthony W. Vogdes. U. S. A. has been kind enough 
to prepare for this sketch a bibliography of Prof. Tuomey's 
writiuga, which is given below. 
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The fossils described are from Wilmington. The author states that 
among the characteristic Eocene fossils several equally characteristic 
Cretaceous forms are found, but he regards the commingling as having 
occurred while all the forms in question were living. 

1854. 
Description of some new fossils from the Cretaceous rocks of the 
southern states. Proc. Acad. Nat. Sci., Phila., vol. vii, pp. 167-172. 

1855. 
A brief notice of some facts connected with the Ductk Town, Tennes- 
see, copper mines, by M. Tuomey. Am. Jour. Sci. and Arts. 2d Series, 

vol. XIX, pp. 181-182. 

1857. 

Reports on the survey of the summit level of the James river and Ka- 
nawha company, and on a geological examination of the line of canal and 
contemplated reservoirs. Richmond, printed by John Nowlan; 30 pp., 
with plan of geological structure of Anthony's creek reservoir. 

Prof. Tuomey 's report on the geology forms pp. 5-16 with eight sec- 
tions on the mineral composition and geological structure of the rocks 
forming the basins to be occupied as reservoirs and of the portion of the 
line of canal examined. 

Pleiocene fossils of South Carolina containing descriptions and figures 
of the Polyparia Echinodermata and Mollusca by M. Tuomey and F. S. 
Holmes. Charleston, 4to. Russell and Jones, printers. 152 pp. 30 plates. 

Prof. Tuomey intended to publish some twenty plates of the fossils of 
South Carolina, in his final report of 1848, which was nearly two years 
in passing through the press, and ommitted from the final report. The 
disappointment of geologists, occasioned by this om mission, was the 
common topic of conversation at the meeting of the American Associa- 
tion at Charleston, in May, 1850, and at the solicitation of a number of 
the members the authors of the Pleiocene fossils of South Carolina pub- 
lished this work at their own risk and cost. 

1858. 

Second biennial report on the Geology of Alabama, by M. Tuomey, 
Geologist to the State, etc. Edited from the author's ms. and other pa- 
pers, by J. W. Mallet. Montgomery, N. B. Cloud, state printer. 8vo., 
292 pp. 

Geological map and sections. Reviewed Am. Jour. Sci. and Arts, 
2d Ser., vol. xxvii, p. 436, 1859. 

The geological report contains chapters on North Alabama, Meta- 
morphic rocks of East Alabama, Silurian rocks of Shelby, Benton and 
DeKalb counties ; Economic materials derived from older rocks, Cre- 
taceous and Tertiary rocks of Southeast Alabama, Post-Tertiary depos- 
its of the state. Physical features of Alabama, with an appendix con- 
taining reports of the chemical department. Reports on portions of the 
Cretaceous and Tertiary fossils, List of localities of coal beds, etc. 

The volume treats briefly of the geology of the nothern part of the 
state, giving some facts relating to the Silurian, Devonian and Carbon- 
iferous rocks, with descriptions of iron ores and other economical rocks. 
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Introduction. 

In the following paper it is proposed to trace out, as far as 
can be done at present, tlie character and sequence of the crus- 
tal movements along the coast of California during the later 
geological times. The investigation will deal particularly 
with those which took place during the Pliocene and Pleisto- 
cene. Various interpretations of the records left by these 
movements have been given by different observers, but their 
results do not harmonize with each other, nor does any one of 
them appear to express the whole truth. 

The study was primarily suggested, partly by the views of 
professor Le Conte on a former elevation of the coast giving a 
land connection with the Santa Barbara islands, and partly 
by the results of the soundings of the United States Coast 
and Geodetic Survey as announced by professor George Dav- 
idson. The recent work upon the Pliocene and Pleistocene 
movements of the California coast by professor Lawson has 
resulted in conclusions radically different from those of pro- 
fessor Le Conte and it appears self evident that some one must 
entertain serious misconceptions. 

In developing the subject from observation and study I 
have been led to the conviction that the later researches have 
failed to discriminate the different movements in a manner 
consistent with the actual facts open to observation. It will 
appear from what follows, that, concerning the important os- 
cillations of the Pleistocene period at least, my conclusions 
are in accord with those of professor Le Conte. 
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In discussing the subject I will first give a brief outline of 
the generally accepted opinions of geologists upon the ques- 
tion in its broader aspects, and then in greater detail, the 
published results of study of that portion of the Pacific coast 
contained within the state of California where the most num- 
erous observations have been made. Following this the main 
portion of the paper will be devoted more especially to a pre- 
sentation of the leading lines of evidence relating to theepei- 
rogenic as well as the orogenic disturbances of the coast re- 
gion from the late Tertiar}^ to the present. The 'special ob- 
ject will be to draw out the fact of an elevation of the coast 
much greater than the present during the earlier portion of 
the Pleistocene. 

General Move.mknts op Pliocene and Pleistocene Time. 
The more important events n^cognized in geology between 
the closing portion of the Pliocene and the present are be- 
lieved by man}' to have been of almost worldwide importance. 
Geikie* says: *'The general succession of geological changes 
in post-Tertiary time appears to have been broadly the same 
all over the northern hemisphere." Dana'sf discussion of 
this question is substantially as follows: (1) an elevating 
movement inaugurated near the close of the Pliocene and con- 
tinuing into the Pletstocene, and terminating in the glacial 
period, (2) depression during the Champlain period with re- 
treat of the {>laciers, followed (3) in the Recent period by an- 
other upward movement, and last of all a possible subsidence. 
He inclines to the opinion that there are evidences of similar 
Pleistocene movements on the Pacific coast, basing his con- 
clusions ui)on the terraces reported by geologists from that 
region, as well as on the presence of submarine valleys de- 
scribed by Davidson. These valleys extend down to depths 
varying from 2400 to 3000 feet and are considered by Dana 
as valleys of stream erosion, indicating an elevation of the 
coast of California of that much probably during the Glacial 
period. Dana farther quotes Dawson to the effect that an el- 
evation of British Columbia of about 900 feet above the pres- 
ent existed during the Pliocene, that the fiords there occur- 
ring were eniar^rd during the following Glacial period. 

*Toxt liook of (Ji'olo^'v, .111 edition, p. 1050. 
+Manut'l of Geology, 4th edition. 
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An elevation above the present during the Glacial period is 
denied for much of the continent by some eminent geologists 
who believe that the events of that time were not so simple, 
yet, it seems to be admitted bj' all that a very considerable 
uplift w^as characteristic of the time immediately preceding 
glaciation, that during glaciation oscillations of level occur- 
red, and at its close a depressicm, with an elevation in jnore 
modern times. Can the Pliocene movements of eastern North 
America be correlated with those on the Pacific coast occur- 
ring in the corresponding geological [)eriod? This is at pres- 
ent a doubtful question. The opinion seems to prevail that 
glaciation in the Sierra Nevadas was more recent than in the 
east. It is quite possible that with the general movements 
of higher latitudes there may have been independent orograph- 
ic movements, or the epeirogenic changes may have partaken 
of the nature of a wave-like progression. It is certain that 
(»n the Pacific coast of the United States, and probably far- 
ther north, a subsidence was taking place during much of the 
time determined as Pliocene by professor Lawson, but whet- 
her this subsidence was s^'nchronous with the upward move- 
ment of the Atlantic coast is not definitely known. Although 
it would appear from present knowledge that the two events 
were contemporaneous, yet there seems to be evidence that 
from the beginning of the Pleistocene to the present the im- 
portant epeirogenic movements recognized in eastern North 
America have had their counterparts on the Pacific coast, al- 
though possibly not taking place on both sides of the conti- 
nent simultaneously. 

Earlier Opinions Concerning the Movements op the 

California Coast. 

Professor Le Conte was the first geologist to call attention 
to the facts bearing upon a former elevation of the coast of 
California, although Mr. R. E. C. Stearns a number of 3'ears 
earlier, in speaking of the tooth of a fossil elephant which had 
been presented to the California Academy of Sciences said: 
•'It proved that the island (Santa Rosa) was formerly a por- 
tion of the mainland." Professor Le Conte's views* are based 

♦Bull. Cal. Acad, of Sci., Vol. II, No. 8, p. 515. 

AmKKU'AN (tK()L()(JI8T, Vol. I. p. 76. 
Bull. Geol. Hoe. of Am., Vol. II, p. 323. 
Am. Jour, of Sei., Vol. 34, p. 457, 1887. 
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partly on the presence of submerged valleys otf the coast, and 
partly on the peculiar flora as well as fossil remains of the 
Channel islands. During the elevation of the early Pleisto- 
cene Le Conte believes that the land stood at a hight of 2000 
to 2500 feet above the present level. Then followed a depres- 
sion the records of which are left in the raised beaches, and 
last of all an elevation to the position now occupied. 

The late W. A. Goodyear* ridiculed the idea of the Santa 
Barbara islands ever having been connected with the main- 
l«nd, saying that it was not certain that the elephant tooth 
presented to the Academy of Sciences ever came from Santa 
Rosa island. As a matter of fact however the beds of fossil 
bones occurring there hJive been described by both Voy and 
Yates and there cannot be the slightest doubt of their exi.s- 
tence. A description of them will be given a little later. 

Professor A. C. Lawson has devoted careful study to the 
Pliocene and Pleistocene movements of the coast of Califor- 
nia but his conclusions are not in harmony with the earlier 
observations. The work of this investigator has extended 
along nearly the whole coast of the state, and as his results 
are important and have tended to shape recent opinion I will 
quote them at considerable length. Professor Lawson pre- 
sents the following hypothesisf as the result of his studies at 
Carmelo. "The Pliocene corresponds to the more or less con- 
tinuous depression of the coast, till the land was at least 800 

feet lower than at present: the Quaternary corresponds 

to the more or less continuous uplift which has affected the 

coast since the maximum depression was reached. There 

is no evidence of an elevation of this part of the coast since 
Miocene times exceeding the present altitude." He does not 
consider the submarine valleys at Monterey and Carmelo bays 
as evidence of a former elevation. 

In a more recent paper professor Lawson;^ concludes that 
there has been a recent uplift of 800-1500 feet between the 
Golden Gate and San Diego. He says farther: *'A map of the 
shore at the beginning of the Pliocene would resemble the one 
of to-day. A map at the beginning of the Pleistocene would 

♦Report of the Calif. State Mining Bureau, 1889, p. 169. 
tBull. of the Dpt. of Geol., Univ. of Cal., Vol. I, pp. 57-58. 
JBuU. of the Dpt. of Geol., Univ. of Cal., Vol. I, pp. 157-159. 
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resemble rather that of the present Alaskan shore." The dif- 
ficulty of drawing a line of division between the Pliocene and 
Pleistocene is then discussed and the conclusion reached that 
it can never be done on paleontological grounds, saying: "The 
reason for this is that there has been no distinct break in the 
continuity of marine conditions throughout the epochs, only 
a gradual transition of conditions. In this gradual transition 
there was however a reversal of the epeirogenic movement of 
the coast from a process of depression to a process of uplift. 
This turning point of the diastrophic pendulum, the intiation 
of the diastone of the epeirogenic pulsation is believed to cor- 
respond well with the beginning of the Pleistocene. The 

two epochs thus delimited have no interval of erosion between 
them and there will be found no marked break, except locally, 
in the sequence of marine life." 

In another paper professor Lawson* distinguishes Pleisto- 
cene terraces to a hight of 1600 feet and possibly more, with 
the remnants of a Pliocene terrace formed during the deposi-' 
tion of the Wild-cat series. He recognizes three movements: 
(1) a depression during the Pliocene: (2) an orogenic move- 
ment at its close tilting the Wild-cat series; and (3) the gen- 
eral epeirogenic movement of the coast forming the terraces 
now so distinct. Speaking of the disturbances at the close of 
the Pliocene affecting portions of the coast he says : **These 
mountain-making movements were not however adequate to 
efface the peneplain (Pliocene), and the general altitude of 
the coast was not apparently alfected." We have then at this 
time according to professor Lawson, the curious anomaly of 
of mountain-making movements not affecting the level of the 
coast. 

The same investigatorf has described a complex series of 
events which he supposes took place upon the peninsula of San 
Francisco during the Pleistocene. The region is believed to 
have sunken through the Pliocene permitting the deposition 
of the Merced series which is about one mile thick. *'At the 
close of these orogenic movements (deformation of the Mer- 
ced sories) the altitude of the land was much lower relatively 
to the sea-level than at present. A general depression of the 

♦Bull, of the Dpt. of Geol., Univ. of Cal., Vol. I, p. 270. 
tXVth Annual report of the U. S. Geol. Sur., p. 468. 
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land Hocrns to have been concomitant with the more acute lo- 
cal (liHturbanccK or to have immediatelj^ followed them for we 
find marine terrace formations strewn over the region at tin el- 
evation of over 700 feet with a corresponding base-level pla- 
teau, and remnants of a still older plateau, also the result of 
baseleveling, at about 1100 to 1200 feet above sea-level." He 
goes on to say that from this general depression, excepting 
the last local sinking about the Golden Gate, elevation by 
stages has taken place from that time to the present. 

The sequence of disturbances given on page 469 of the same 
report it is difficult to appreciate and is certainly open to 
question. They are as follows: formation of the San Bruno 
fault and the uplift of that range and the portion of the San 
Francisco peninsula lying to the north, resulting in the com- 
plete erosion of the Merced beds from the raised block; sink- 
ing of the San Bruno fault block ; emergence of the San Bruno 
and Montara fault blocks together; development of terraces 
with the final emergence. The subsidence posited by profes- 
sor Lawson as taking place at the time of the post-Pliocene 
disturbance or immediately following it is a most unique oc- 
currence if true, but the phenomena properly interpreted are 
opposed to this view. A careful perusal of the report brings 
out tlie fact that the term "baselevel plateau" is used for a 
plain produced by wave action, and apparently does not mean 
anything more than a large wave-cut terrace. In this as in 
other papers he considers that in every case where the Pleis- 
tocene is found unconformable upon the Pliocene the trunca- 
tion of the lower beds is always due to wave truncation. It 
does not appear possible that with a rising land and the ac- 
companying terracing deposits several hundred feet in 
thickness could vt-ry often be formed upon the wave-cut flrior. 

In an earlier paper professor Lawson* expresses a different 
view from that quoted concerning Montara mountain, name- 
ly, that fMlIt>wing the post-Pliocene disturbances it had under- 
■^**T\^ a period of subaerial eroj?ion similar to that posited for 
tn*^ >ar: BrifiM mountains. Th<* uplift however is assumed to 
h:tv^- K*=-rri m'-r*-ly local. The statement is as follows: ''In the 

• \\^.*\-'T-%r.[:jZi -f ti.- dia-tr«»phism which has affected the San 
Frri.-i--^' ji«='.'i:.^-i->i w^ havt- then, two displacements to deal 

'B.. . f -hr- Dpt. ',f G*roi.. L'niv. of Cal., Vol. I, p. 149. 
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with, the orogenic or local, and the epeirogenic or general up- 
lift. Is it possible to discriminate the two effects? Certain 
striking facts suggest an answer to this question in the atKr- 
inative. The orogenic uplift preceded the epeirogenic, and 
there was an interval between the movements in which a great 
denudation was atfected/' It will be evident from these qu(»- 
tations that it is exceedingly difficult to get at what professor 
Lawson's ideas really are on this question. Ilis general mean- 
ing seems to be, aside from the discrepancies, that the post-Plio- 
cene movements were purely of the nature of upthrusts of local 
fault blocks ])ortions of which remained at or below the orig- 
inal level, and that the geography of the coast was not affect- 
ed at ail. The epeirogenic uplift referred to is that of the 
last uplift giving rise to the terraces. I cannot see what there 
is about the phenomena of thes? recent movements of the coast 
of California which makes it necessary to assume such pecu- 
liar mountain making disturbances, so different from the us- 
ual character of such events. 

The views of professor Lawson in his different papers, al- 
though showing numerous contradictions, the earlier ones re- 
maining unmodified in the later, may be generalized as fol- 
lows. For the coast as a whole no marked disturbance ap- 
pears to separate the Pliocene from the Pleistocene, a depres- 
sion with transgression of the sea during the former, and a 
gradual re-elevation thnough the latter. Marked disturban- 
ces are recognized as having taken place locally, but without 
affecting any general elevation of the coast; while on the San 
Francisco peninsula a depression is recognized at the time of 
the disturbance or immediately f(»llowing it. The San Bruno 
fault block is excepted, it having undergone a period of ero- 
sion before the deposition of the terrace formations. The 
history which professor Lawson thus recognizes as having been 
characteristic of San Bruno mountains I believe is character- 
istic of the whole coast. 

Mr. Ge()rge Ashley* clearly distinguished a period of land 
erosif)n between the formation of the Merced series and the 
Plei>Jt()cene terraces as the following quotation will 8how\ 
''The arguments from the structural side are, that while, as 
shown by the fauna, this formation (Upper Merced beds) is 

*Proc. Cal. Acad. Sci., Ser. 2, Vol. V, p. a34. 
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possibly later than the Pliocene, it is found to be overlaid by 
horizontal or nearly horizontal strata containing Elephas 
bones with evidences of a land period between. Since these 
beds w^ere laid down, therefore, there has been a movement 
which has tilted them at an angle of 5-40 degrees followed by 
their being exposed to subaerial erosion, and later by being 
submerged and covered by deposits at one place over 200 feet 
thick, and then the whole subjected to a more or less general 
elevation to its present level. On page 352 <»f the same paper 
Mr. Ashley gives additional proof of the above statement. 

Demarkation between the Pliocene and Pleistocene. 

General Discussion. The Pliocene has been considered to 
have been closed in eastern North America bv a marked ele- 
vation preceding glaciation. Lawson has already been quot- 
ed as to the condition of the California coast at this time. He 
has maintained that the coast was sinking through the Plio- 
cene until 800-1500 feet below the present level. When this 
point had been reached a reversal took place, being preceded 
by local disturbances, gradually .uplifting (epeirogenic move- 
ment) the coast to its present level. He considers the divid- 
ing line between the Pliocene and Pleistocene the point of 
greatest depression. Although I would explain differently 
the movements at the close of the Pliocene, considering them 
epeirogenic as well as orogenic, I think we must agree with 
professor Lawson that the point of change or disturbance 
forms a natural division between the two periods. This point 
is not an arbitrary one, not merely the reversal of an epeiro- 
genic movement, as Lawson has said, but is marked by an im- 
portant non-conformity. His statements have led Lindgren in- 
to a misconception of the actual condition of affairs in the 
Coast Ranges. Lindgren* says in a recent article: "It seems 
that in the maps of the valley border of the Sierra Nevada, the 
arbitrary line between the Neocene and the Pleistocene has 
been dra\vn considerably lower than the similar arbitrary line 
established by professor Lawson at the top of the Merced se- 
ries. In other words the Pleistocene as defined in the gold 
belt maps occupies a considerably longer time than the Pleis- 
tocene on the coast as defined by professor Lawson. The Mer- 

♦Journal of Geology, Vol. IV, p. 905. 
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eecl series is probably contemporaneous with the early Pleis- 
tocene of the valley border." It is evident that as yet we 
scarcely have information sutlicient to permit a correlation of 
the movements in the Coast Ranges with those in tjie Sierra 
Nevada with any great degree of certainty. The recognized 
difficulty in delimiting the Miocene and Pliocene in the Sierras 
would perhaps be lessened if an attempt were made to take 
the clearly marked divisions in the Coast Ranges, due to more 
intense disturbances and changes of level, and see if a para- 
lel could not be found for them in the Sierras, rather than 
vice versa. It is possible that the uppermost portions of the 
beds which have been termed Pliocene in the Coast Ranges 
could with equal propriety be included in the Pleistocene, 
which Lindgren as well as Ashley has suggested, yet the im- 
portant stratigraphic break with the (»verlying Pleistocene 
makes a natural boundary which I do not think should be 
overlooked. The middle and lower portions of the Merced 
beds and Wild-cat series must be placed in the Pliocene if 
molluscan fauna are of any value in correlation. It seems, 
therefore, on stratigraphic grounds at least, that the limit of 
the Pliocene as determined by professor Lawson should be 
maintained. 

Prof. Lawson* would correlate the Pleistocene elevation of 
the coast with the uplift of the Sierra Nevadas which follow- 
ed the deposition of the auriferous gravels. It appears to me 
that these events have n(» relation to each other. The uplift 
of the Sierra Nevadas commenced before the close of the Pli- 
ocene as determined on the coast, at which time according to 
the researches of professor Lawson, the Coast Ranges w^ere 
submerged. Lindgren says that the shore lines of the Sierras 
retreated westward during the Pliocene and if he correlates 
that time in the Sierras with any portion of the Pliocene on 
the coast, as he certainly must, there would appear to have 
been an upward movement of the Sierras with a downward one 
of the coast region. It is known definitely that in the earlier 
portion of the Pleistocene, as delimited on the coast, the San- 
ta Barbara islands were connected with the mainland. The 
early Pleistocene of the coast would seem to correspond to the 
middle Pleistocene in the Sierras as given by Lindgren, and 

♦Bull, of the Dpt. of Geol. Vol. I, p. 158. 
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hence if glacintion was due to greater elevation, a contempn- 
raiieoiiB upward movement was experienced by both at this 
time. The' attempt at correlation may at the present be use- 
less as it is exceedingly difficult to prove that even the epci- 
rogenic movements ntFected the mountain axes alike, I think 
nevertheless that the best results are to be obtained by first 
clearly determining the limits of the Miocene, Pliocene and 
Pleistocene in the Coast Ranges, and taking the results as 
standards in the attempt to harmonize the nomenclature over 
the state. 

DetuHeil Evi'leiiire from the Const Ranges, It is rather 
difficult to determine the relation existing between the Plio- 
cene and Pleistocene along the southern const of San Diego 
county, although there are indications that the former has 
been somewhat disturbed and that the latter rests unconform- 
ably upon it. The highest ti-rrace noticed by Lawson* in thid 
region has an elevuti<)n of 800 feet. South of Poway valley 
however there are terraces of bedded gravel having an eleva- 
tion of at least 1500 feet. 

Between Oceanside and San Jnan there is a stretch of 
mimntainous country presenting some interesting fealuree. 
Here occur very extensive beds of lute Tertiary age, probably 
Pliocene, much disturbed nnd faulted and marked with Pleis- 
tocene terraces. The terrace deposits rest nnconformably up- 
on the slightly consolidated sands and conglomerates of this 
region. There is a distinctly marked baseleveled plateau of 
2600 feet elevation forming a shoulder of the Santa Margarits 
mountains, but it may belong to a ditTerenl epoch than the 
terraces. The San Onofre mountains have been raised by a 
fault which judging from the topography, cannot antedate 
the post-Pliocene disturbance. 

Professor Lawson speaks of the Pliocene strata at San Pe- 
dro hill as being slightly deformed and truncated by wave 
action, and that on this surface the Pleistocene has been de- 
posited. He saysf further: "it follows that while there is a 
very profound physical break between the Miocene and Plio- 
cene, the marine Pliocene and Pleistocene formatitins are very 
Jnlimately ansnciated with no epoirli of subaerial denudation 
]^ between them." 

tif tJwjDpt. otGeo!., Univ. of Cnl., Vol. I, p, 120. 
'" of QeoL, Univ. of Cal., Vol. I. p. 138, 
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As in the case of the Pliocene of the northern coast an in- 
terpretation in favor of a period of subaerial erosion seems 
more reasonable. The very fact that the Pliocene has been 
disturbed and tilted is evidence which on its face would call 
for such a period of erosion. 

Whitney* describes the Pliocene strata at Santa Barbara, 
which unconformably overlie the Miocene, as follows : ''These 
strata themselves unconformable with the slates below are 
again overlaid unconformably by the recent or modern alluvi- 
al deposits." 

Yates has described the Pleistocene strata of Santa Rosa is- 
land as overlying unconformably the slightly tilted Pliocene. 
This occurrence will be described at length in another place. 

Both Whitneyf and Lawson J mention the fact that the sup- 
posed Pliocene beds on the upper San Benito river have been 
faulted and tilted. The latter authorg also describes a slight 
tilting and faulting of the Pliocene beds at Carraelo. The de- 
scription given is remarkably suggestive of the post-Pliocene 
disturbance and elevation which I have noted at other points 

He speaks of the ''older" and '-newer" terrace deposits, the 
former being slightly tilted and faulted, and formed during 
the Pliocene submergence, the latter deposited during the re- 
elevation in the following Pleistocene. An unconformity is 
noted between the two in the sea clilfs and in the valley of the 
San Jose creek where a sheet of lava occurs separating two por- 
tions, the upper of which is less consolidated and without dis- 
tinct bedding. The recent terraces are also described as hav- 
ing been cut in the older terrace deposits wiiich are faulted 
into the carmeloite lavas. It seems to me clear from these de- 
scriptions that there is good evidence of an extensive disturb- 
ance and uplift accompanied with lava flows marking the line 
of division between the Pliocene and the more recent deposits. 
This disturbance was neither *'local" nor is it possible to be- 
lieve that the unconformity was marked by a period of wave 
erosion alone. The Wild-cat series (Pliocene) on the coast of 
northern California is described by professor Lawson as hav- 

♦General Groology of California, Vol. I, p. 134. 
tGeneral Greology of California, Vol. I, pp. 53-54. 
JBuU. Dpt. of Geol., Univ. of Calif., Vol. I, p. 153. 
§Bull. Dpt. of Geol., Univ. of Calif., Vol. I, p. 56. 
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ing been affected by an erogenic disturbance which threw the 
Pliocene peneplain into **orographic blocks and anticlinal ar- 
ches," but without any accompanying uplift. The evidence 
for no uplift will have to be made much stronger than it ap- 
pears from the description given, before it can be used to oif- 
set the result of many lines of research all of which point to 
a very considerable uplift following the post-Pliocene disturb- 
ance the whole length of California. It is difficult to under- 
stand also how the Pliocene peneplain could have remained in 
a distinguishable condition aft.er the beds of that age in the 
same region had been so generally deformed. 

According to professor Lawson* the Pliocene is extensively 
developed in the hills back of Berkeley, east of San Francisco 
bay. The beds have been quite sharply folded and are briefly 
referred to in part as folio ws.f "The Pliocene rocks were all af- 
fected by sharp orogenic deformation prior to the general uplift 
of the coast." He mentions an *-uplifted coastal peneplain" in 
these hills whose average elevation is about 1500 feet, but whet- 
her due to wave action orsubaerial erosion is not stated. It is 
impossible to believe that in the Berkeley hills the post-Plio- 
cene disturbance which so steeply tilted and felted the Plio- 
cene beds found there should not have elevated them above 
the sea and subjected them to a period of subaerial erosion 
before the depression took place in the recovery from which 
the terraces were formed. 

Turner^ has shown that mount Diablo was elevated at the 
close of the Pliocene and that the Pleistocene deposits lie un- 
conformably upon the rocks of the former period. 

Enough geological work has been done in the Coast Ranges 
to show that the post-Pliocene disturbances were not local 
but att'ected in varying degree the whole coast; that with this 
mountain-making process there was also associated a general 
uplift. The fact of a disturbance and elevation at the close 
of the Miocene is not questioned by any geologist and there is 
no valid reason for doubting that the similar phenomena mark- 
ing the close of the Pliocene were due to similar causes. I 
cannot see anything in the nature of the phenomena preBent- 

*Bull. Dpt. of Geol., Univ. of Calif., Vol. II, p. 94. 
tBull. Dpt. of Geol., Univ. of Oalif., VoL I* p. SOB. 
i:Bull. Geo., Soc. of iUD«iJ 
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movement of the california coast. 
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ed to show that at the time of thie latter disturbance these 
beds were folded beneath the sea, and that the erosion pre- 
ceding the formation of the terraces was due solely to wave 
action, for wave action must have been carried on at the level of 
the sea, and after truncation, unless there was subsidence, there 
would have been no opportunity for the terrace formations, 
sometimes 100 to 300 feet thick, to have been left unmodified 
and unconformable upon the Pliocene, which as a matter of 
fact we find to be the case almost everywhere. 

PosT-MiocENE Uplift. 
There seems to be no question in the minds of geologists 
concerning the post-Miocene disturbance and uplift. By many 
it has been believed that the Coast Ranges originated at this 
time, but this, as I have shown in other papers, is clearly an 
erroneous conception, as the records of several stratigraphic 
breaks are visible in the older rocks of this region. It is very 
probable that the post-Jurassic disturbance elevated the coast 
so that the present islands were connected with the mainland 
and much of the submarine plateau exposed. As yet we know 
in only a general way the effects of the post-Miocene disturb- 
ance, but I believe that there are good reasons for assuming 
that the uplift was very marked and that the shore line was 
forced out some distance beyond the present one, probably tak- 
ing in the submarine plateau. The Miocene is everywhere over- 
laid unconformubly by the later formations. The valleys or- 
iginating with the post-Miocene uplift, due partly to struct- 
ural conditions, and partly to erosion, were more or less filled 
with Jiediments during the Pliocene submergence. With the 
early Pleistocene elevation they were again cut out, and filled 
during the following depression with the terrace deposits. As 
a result of this sequence it becomes difficult always to cor- 
rectly discriminate and refer any particular phenomena of 
erosion to its true source. If we were in the possession of 
more records of deep borings in the mouths of the large val- 
leys opening out upon the coast the question might more easily 
be settled. It is very evident however from the character of 
many of the larger valleys where the Pliocene reposes uncon- 
forinably upon the Miocene that this relation extends below 
the present level of the sea. If this is the case these Miocene 
valle3^5:= are not simply of structural origin, and subsequently 
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filled with Pliocene and more recent deposits, but were exca- 
vated during the period of high altitude following the Mio- 
cene. The submarine valleys were then either originated or 
enlarged. There is good reason then for believing in several 
periods of high elevation in pre- Pleistocene times, a fact which 
makes it more difficult with present knowledge to distinguish 
the effects of the early Pleistocene elevation which it is the 
most particular object of this paper to demonstrate. 

Evidences of a Post-Pliocene Disturbance and Uplift. 

The Santa Barbara Islands, The evidence furnished by 
the vertebrate remains as well as by the flora of the Santa Bar- 
bara islands has been considered by professor Le C'onte as 
abundant proof of an early Pleistocene elevation of the coast 
of California. The opposing opinion has strangely overlook- 
ed these facts in assuming a submergence at this time. Our 
knowledge of these islands is as yet very incomplete as far as 
the geology is concerned, but two observers have described 
the occurrence of the Elephas bones on the north side of San- 
ta Rosa island. Dr. L. G. Yates* refers to the beds as follows. 
**0n the north side of the island about 10 miles from the 
wharf, near the mouth of Soledad canon, we found an excel- 
lent exposure of strata consisting of about 90 feet of post-Pli- 
ocene deposits containing fossil bones of vertebrates, and at 
one place, fossil Physas (P. d'orbingniana) at a depth of some 
75 feet below the surface. 

This deposit is horizontal and overlies strata of older rocks 
probably Pliocene, which dip 13® N. E. and contain Fecten^ 
Turhinella caestruvi^ and Hijinites gi<jeantea in abundance 
and in an excellent state of preservation. There is no indica- 
tion of drift on Santa Rosa island, hence we cannot account 
for the presence of the fossil elephant on the theory of its hav- 
ing been brought by floating ice as advanced by some writers.'' 
He goes on to say that the chain of islands was formerly con- 
nected with the land to the east and that the Santa Barbara 
channel was a sound opening out to the west. 

In an unpublished manuscript in the possession of the State 
Mining Bureau the late Mr. C. D. Voy describes the geology of 
Santa Rosa island in more detail. The older rocks of the is- 

*Am. Geol., vol. v, p. 51. 
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land appear to consist according to Mr. Voy of the Miocene and 
contain numerous characteristic fossils of that period. Above 
this is the great body of volcanic material, flow tuffs, etc. Mr. 
Voy's description is not clear in regard to the relative ages of 
the volcanic and Pliocene, but it would seem that the lavas, in 
part, at least, overlaid the Pliocene. The latter formation is 
widely distributed over the island and very fossiliferous. At 
various points along the bluifs on the northwest side the Pleis- 
tocene deposits appear 20 to 50 feet above the water and 
consist of clay and gravel. The Pleistocene also covers much 
of the island, overlying tlie volcanic. The bluffs are 100 to 
200 feet high, and in the clay at various points, as well as in 
the little ravines on the surface, are numerous bones <»f the 
mammoth (E. primegenius), but all in an exceedingly poor 
state of preservation. Mr. Voy thinks there are two species 
represented. They occur 20 feet above the Pliocene and 100 
feet below the surface. The specimens brought away are very 
fragmentary, but are to be seen in the Museum of the Cali- 
fornia State Mining Bureau. The first specimen from this 
locality, a tooth, was obtained by a Mr. Blunt in 1871. 

Dr. Yates* gives a long list of Pliocene fossils from San 
Nicholas island. He also mentions the occurrence of pebbles 
of quartzite, porphyry and talcose rocks. Similar ones are 
also found on Santa Rosa island. The pebbles in the recent 
formations on these islands indicate shallow water condi- 
tions. The Miocene sandstones and shallow water fauna 
also point to a land area in this region during that period. 
The fact that the Pliocene rests unconformably upon thie 
older rocks shows the existence there of an interval of sub- 
aerial erosion similar to that following the Miocene upon the 
mainland. The islands were undoubtedly largely submerged 
during the Pliocene. Then an elevation took place with a 
tilting of the Pliocene and resulting erosion. The vertebrate 
remains occurring near the base of the Pleistocene point to 
the fact that the subsidence took place following the death of 
the animals. There seems to be every reason for correlating 
this depression with that recognized in the terrace deposits 
of the mainland. 

The beds of mammoth bones is such conclusive proof of a 

♦IXth Report of the Cal. State Min. Bureau, p. 58. 
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former land connection that no question can be raided in re- 
gard to it. It might be supposed, however, that the islands 
were formed ffimply by a sinking of the region now occupied 
by the Santa Barbara channel. This view is not supported 
by the conditions existing since the early Pleistocene; no 
differential movements of such magnitude are known to have 
occurred. The recent downward movement has been general, 
affecting both mainland and islands. There are numerous 
facts, however, which point to the elevation of the coast as a 
whole, at the time when the mammoth flourished, which will 
be taken up in their proper place. 

The deepest point on the submarine ridge connecting the 
Santa Barbara islands with the mainland is 125 fathoms or 
about 750 feet. This connecting ridge extends eastward 
toward Point Hueneme, near the mouth of the Santa Clara 
river. In all probability the post-Pliocene elevation was more 
than 1,000 feet. An elevation of 1,300 feet would connect the 
western-most of the islands with point Conception. The 
centre of the channel forms a depressed basin with a depth 
of about 2,100 feet. 

The Suhmnrine Phiteau. The work of professor George 
Davidson* has shown that the coast of California, as well as 
of Oregon and Lower California, is bordered by a submarine 
bench or plateau of varying width. Along the coast of north- 
ern California it is quite narrow, being not much over 10 
miles across. From Point Arena southward it begins to 
widen, sweeping just outside of the Farralones islands, and 
then narrowing again as the bay of Monterey is approached. 
Opposite the Golden Gate it has a width of about 32 miles. 
Ort' the coast of California the plateau of the Pacific has 
a depth which varies from 2,000 to 2,400 fathoms. The 
marginal plateau generally slopes very gradually out to the 
region of the 100 fathom curve, when it takes on the much 
steeper descent to deeper portions of the plateau or abyssal 
depths. Opposite the high and rugged Santa Lucia mount- 
ains the 100 fathom curve runs four to six miles from the 
shore, and from that the descent is rapid until a distance out 
of 57 miles, when it reaches a depth of 2,000 fathoms, Far- 

♦Hydrographie charts of the U. S. Coast and Gecxletic Survey. Sub- 
merged Valleys of the Coast of California, Proc. Cal. Acad, of Scien- 
ces, 3rd series, vol. i. 
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ther soutli, except otf Pt. Conception, where it is only 35 milei^ 
across, the plateau widens greatly, sweeping outside of the 
Coast islands which lie off southern California, where a 
width of 150 miles is shown. The islands and shoals are 
dotted over this submerged region in a manner approxi- 
mat<?ly corresponding to the direction of the adjacent mount- 
ains on tht* mainland. The slope outside the 100 fathom line 
along the southern coast is accentuated, but not so markedly 
so as farther north. The surface of the broad portion of the 
plateau in far from being uniform. Some of the islands rise 
over 2,000 feet above sea level, while the depths of the sea at 
their buses often reaches 600 fathoms. Southwest of Sun 
Diego about H5 miles there is the greatest depression in the 
plateau. Along the coast of Lower California the plateau 
narrows. How shallow portions of the plateau are, is shown 
by the fact that the 30 fathom line would include the larger 
uf the Farralones islands lying 20 miles off the shore opposite 
the Golden Gate, while the 25 fathom line takes in the Coro- 
nados islands 12 miles off" shore opposite San Diego. 

The «^!harts show a large number of submarine valleys open- 
ing from landward down across this plateau reaching a depth 
of from 100 to 500 or more fathoms. Where the plateau is 
narrow, as on the northern coast, they cut a trench completely 
across it. Where the width is greater off the coast of south- 
ern California the vallej^s open from the shore down*merely 
to the deeper portions of the plateau itself. In several in- 
stances the valleys come very close to the shore, as at La 
Jolla, Newport, Ilueneme, Mo.iterey, and on the coast of 
Humboldt county. A most remarkable fact about these val- 
leys is that they are generally nearly or (juite at right angles 
to the shore line, and consequently to the broad structural 
features of the country. Professor Lawson's view that they 
are structural depressions seems utterly untenable in the light 
of this us well as other facts. An interesting feature of the 
plateau, especially that portion above the 100 fathom line is 
its very even surface. Across this surface the deep transverse 
valleys have been trenched. The submarine contours follow 
that of the shore line to varying depths, corresponding very 
closely sometimes down to 300 fathoms. Not only does the 
submarine surface present a smoothness in most marked con- 
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trnst to miioli of the land adjoining, but what if more surpris- 
ing, tlie valleys boneath the water di> ntit in some easts setiu 
to bfar anv relation to the topography of the land lying op- 
posit*^. The most of the depressions do howevor appear to be 
related to corresponding depressions in the land toward which 
they hend. 

Now the <(«estion arises as to the manner in which this 
bench has been fornied. Is it due t" triinviition or sedimenta- 
tion or to structure? In its broad features I Uelieve that we 
must hold it to be of structural origin, but nevertheless iitnd> 
ifled by b<ith the other agencies. In general the width of the 
plateau bears very little relation to the important drainage 
features of the land, and even where at lirsi sight there would 
appear to be a correspondence supporting the view that the 
plateau has been built up by sedimentation a closer examina- 
tion shows that such is probably not the case. The plateau 
widens opposite the Golden Gate where the floods from the 
Great Valley sweep out into the ocean, but even here the out- 
er edge of the bench is bordered by the Farraloncs islands 
which are formed of the ancient granites of the Coast Ranges. 
If the even surface is due partly to truncation and partly to 
sedimentation without any greater elevation than the present 
ever having been experienced it is most dilUcult to account 
for the transverse valleys. Faulting cannot possibly explain 
them. It seems to me that as first suggested by professor Le 
Conte, and in harmony with the other lines of evidence, the 
position and charticter of these valleys point to a former ele- 
vation of from 2000 to 3000 feet. It is true that the subma- 
rine valleys may have been originally cut out at the post-Mi- 
ocene elevation, or even earlier, but the fact that they have 
not been filled and extend up so close to the shore in places: 
points most conoluaively to a comparatively recent elevation 
of ttae ooMt. How fnuiting without subacrial erosion cnnld 

Khavf produitii Un- oniiiiir:' of the valleys as given by Diivid- 
|un it is impos^iiblc to con'-<iive, and when to this is added the 
Ibtit thai thpy do not conform as a general thing to the im- 
portnnt struotural fealnri's of the Coast Ranges we are com- 
iMlli'd to «esk a diff^ri^til explanation. In cases where a sub- 
■hirioe Twiley iinmes up lA the shore directly opposite the 
Klitlh of u land vullay where the Pleistocene is at least Uun- 
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dreds of feet deep it seems that the explanation can be sought 
only in a comparatively recent elevation of the coast. It must 
be borne in mind however that opposite the mouths of some 
of the larger streams no submarine valleys have yet been found. 
This fact might be accounted for by unusual local conditions 
during the epeirogenic movements. The soundings in places 
are also far from complete?. A* study of the nature of the bot- 
tom does not help us much. According to the charts sand ex- 
tends down 40 to 75 fathoms. Rocky bottom is rarely found. 

Beginning at the south I will mention briefly the important 
submarine valleys which the contour lines upon the charts 
show. A number of these valleys occur along the coast of 
Lower California, but will not be taken up. The first deep 
valley running in close to the shore is found at La Jolla, 
about 15 miles north of San Diego. It heads in a little bay 
just north of the town and opens out northwestward. The 
bay is bordered on the south by Chico sandstone, and on the 
north by the Tejon, while at its head there is a sandy beach 
one mile in length. Back of this lies a small valley extending 
into the Soledad hill, two miled distant. The mouth of the 
valley at least has been cut out on the northern limb of an an- 
ticlinal arch. No bedrock is exposed along the sandy stretch 
nor in the valley which gradually narrows toward the hills. 
The contour lines of the submerged valley sweep into the bay 
directly opposite the land valley, the 100 fathom curve being 
less than one mile out. The submarine valley is deep and nar- 
row, extending down below the 300 fathom contour six to sev- 
en miles from shore. There must assuredly be some connect- 
ion between this eroded land valley and what is apparently 
its prolongation beneath the sea. The evidence is conclusive 
that where the strip of beach occurs the land valley has at 
some time been eroded deeper than it is now and subsecjuently 
filled in. There is every reason to believe that the two val- 
leys are really one and that the submarine prolongation was 
excavated by the same means as that on the land. The per- 
iod of excavation is not indicated by anything observed here. 

Following the coast northward no important trench appears 
until Newport is reached. Here opposite the mouth of the 
Santa Ana river is a narrow valley, not however extending be- 
low the 100 fathom contour. The country is low and marshy 
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iili>ii>; (liis gtiii'l of ihf cuiiyt and it is impossible to believe 
ilijit Hiiv siiin'tiiriil ciindilioii!' iilFecling the f^ift Pliocene and 
I'lfistoivne ili-piisiis tvuihl hnve formed a vnllev of tins kind, 
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North of San P.Hlm hill near Redondo (here is a long, deep 
«rid Hurrow valley extending tip very near to the shore. An- 
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I'leisto.'t no strata, li appi-ars I,* esiend bfneaih the sea f'-rui- 
i).,: .1 hr,v:id even slojv down to ih,- 1<hi f.-,th..ni line. 

The Mixt bi>'ad land v,il!ey to ihe ;i,iriii is ihat .>f ilie San- 
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the mouth of the arroyo. Both of these valleys are ro situat- 
ed with reference to the alluvial bottom that a structural or- 
igin does not appear possible. 

The conditions at Santa Catalina island bear out exceed- 
ingly well the view of a former elevation. The submarine 
contours around the island have a curve very similar to that 
of the shore, indicating an extension of the main features of 
the topography to a depth of over 300 fathoms. The island 
is very steep, and rugged and the absence of terraces is no 
proof, as Lawson seems to think it is, that the island was never 
submerged. Mr. W. S. T. Smith* has recently shown that the 
land was submerged during the Miocene as much as 1400 
feet below the present level and that in the recovery from the 
depression, at least one terrace was formed. He also expresses 
the opinion that in pre-Miocene times the island was elevated 
2000 to 3000 'feet above the present level. A recent subsid- 
ence is shown to have taken place amounting to about 350 
feet. Thus many facts go to show that the history of the is- 
land in a general way corresponds to that of the mainland. 
The same thing is probably true of the Santa Barbara islands. 
The submarine contours about these islands from 100 to 800 
fathoms down accord very well with the present shore con- 
tours. 

At Carmelo bay, some distance northward, occur the next 
•known submarine valleys extending close in to the shore. By 
Lawson they have been ascribed to faulting. He saysrf *'At 
Carmelo Bay there is no evidence of an elevation of this part 
of the coast since Miocene times exceeding the present alti- 
tude.'' There are two branches of the submarine valley oc- 
cupying the bay, the larger and deeper of which lies to the 
south opposite the mouth of the San Jose creek. The valley 
of this stream extended seaward would accord exactly with 
the submarine depression. 

The great valley extending east and west through the bay 
of Monterey reaches from near the mouth of the Salinas river 
down U) an unknown depth, probably across the plateau to 
the jibyssal depths of the ocean. This valley is also consid- 
< red of structural origin by Lawson as the Miocene strata on 

A — . 

*ProL'. Cal. Acad, of Sci. iii Series, Vol., p. GO. 
tliull. Dpt. of Geol., Univ. of Calif., vol. I, p. 58. 
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b^lli fides lit the baj dip under it. The form of the di-pres- 
einn does not however indicKte a simple syncUiie, for the de- 
scent is gradiiul both nn ihe north and south to the lOU fath- 
om line below which it changes quite abruptjj becoming very 
steep. The submarine valley proper on a section between San- 
ta Cruz and Monterey is not over 4 miles wide, descending to 
400 fathom!^, while the main bay is 24 miles across. Accord- 
ing to Lawson the sedimentary rocks dip westward at Pajaro, 
and tailing in connection with this, the submerged northwest 
prolongation of Point Pinos, an east and west structural de- 
pression is rendered improbable. Granting that the broad fea- 
tures of Monterey bay are due to folded Miocene strata, that 
i'^ are structural, the portion of the submarine trench extend- 
ing up close to Ihe shore near the mouth of the Salinas river 
must lie in strata more recent than the Mioceni-. In all prob- 
ability the rocks of this age are much mori- thai( 1000 feet be- 
low the surface, which about the m<iiith of the river consists 
of Pleistocene and Pliocene strata. The Salinas wc^ll some 
distance back from the mouth of the river did not apparently 
reach through the Pleistocene at a depth of 1300 feet. 

The recent subsidence at the Golden Gate forming a new 
outlet for the Great Valley act^ords very well with the ab- 
sence i)f any marine valley at that point and supports the 
view of professor Le Conte that the outlet was at one time in- 
to the bay of Monterey. 

Several subniurinc valleys* have been detected otF the coast 
of northern California. Tliese lie near together south of cape 
Mendocino and are quite remarkable in several ways. The 
distance between them is 8-10 mile^ and they cut across the 
submarine plateau at depthE< varying from 400 to 520 fathoms. 
Only one of them lies opposite a river's mouth, the coast gen- 
erally rising very steeply to bights of 4U0O feet a little over 
two miles from shore. The submarine valleys extend in re- 
mnTktvViW i-l^w \r\ the ?hrtre. onv linving a depth nf -iR fnthomB 
less than oni^ third of a mile out. Another reaches to a point 
whtire the waltr is not more than 16 fathoms deep. They all 
pvery nearly perpendiuulurly lo the coast line. The sub- 
platuau between them has a gentle and even slope 
B^ tht 100 fiitbom contour at a distance of S to 10 miles 
t.ot3«.. 18B6-18B7. 
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from the Innd, where it begins to descend rapidly. While it 
does not seem tliat these valleys can be accounted for through 
structural conditions, the hypothesis of stream erosion does 
not at first sight appear well supported. However the fact 
that the nio'intains rise so ruggedly behind them to such 
hights, would, with increased elevation, result in the cutting of 
considerable canons across the plateau even if no large rivers 
debouched here. Their narrow deep character like those 
farther south would indicate a comparatively brief period of 
erosion. 

Exu den ce from the Present Ricer Valleys. Our knowledge 
of the submerged valleys is not complete enough at present so 
that we can decide certainly concerning earlier elevations from 
this source alone. But there is another line of research which 
t ken together with what has been presented leads irresistibly 
to the conclusion of the much greater elevation of the Pacific 
coast at several periods in the course of its history. This oth- 
er question deals with the character of the present stream 
valleys where they deb(»uche upon the coast. Nearl}- all the 
streams of the California coast are bordered by broad alluvial 
bottoms where they enter the ocean and for many miles back. 
They are not only at their baselevel of erosion but are actual- 
ly flowing upon beds of unconsolidated sands and gravels of 
unknown depth. The bottom lands at the mouths of some of 
the rivers are 8 to 15 miles wide with no solid rock apparent 
anywhere except in the hills flanking them. What is the ex- 
planation of this fact? One of two solutions is possible, ei- 
ther they represent structural depressions whicli have been 
filled up to the present baselevel, or ancient valleys eroded 
during some former elevation and subsequently depressed and 
filled with sediments. 

The main vallej'^s of the Coast ranges generally follow the 
structural features and if they all did so the question could 
not be greatly elucidated by a study of them. There are how- 
ever many exceptions to the rule, especially among the lesser 
valleys, some of the more important of which will be discuss- 
ed. Perhaps the use of the term structural, depression ought 
to be more fully explained. By it I mean a synclinal trough 
originated by folding, lying either below the sea or baselevel, 
and which has subsequently been filled by sedimentation. 
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Faulting as well as folding may determine the original courses 
of the main streams but be followed b}' extensive erosion if 
elevated above the ocean sufliciently. In the latter cases I 
would not consider the valley, for the purposes of this discus- 
sion at least, as of structural origin. 

r will now enter upon a description of some of these valleys 
beginning at the south, and attempt to discriminate the phen- 
omena of the post-Pliocene elevation from the others and also 
the indications of a very recent subsidence. The streams 
which flow westward to the ocean across San Diego county are 
baseleveled in their lower portions having cut sharply defined 
valleys across the mesa. Near the ocean thev have broad al- 
luvial bottoms the depth of which is not known. It must 
however in many cases be several hundred feet judging from 
the abrupt nature of the valley walls. The streams entering 
the ocean from the San Diego river southward to the Mexican 
line have not as far as known cut through the Pliocene to ex- 
pose any older sedimentary rocks. The lower valley of the 
Tia fJuana river is particularly broad and here the alluvium or 
Pleistocene is apparently ver}^ deep. The thickness of this de- 
posit in the valley b(>ttom is something less than an earlier 
Pleistocene elevation. How much less it is impossible to say for 
that elevation would have thrown the coast line nearly 12 miles 
to the west. There has taken place however a recent subsid- 
ence of moderate amount which complicates matters. In dis- 
cussing the movements of the coast of southern California 
Lawson failed to recognize the fact of this subsidence, which 
is very marked at the mouths of many of the smaller streams. 
F'rom Del Mar northward nearly all the valleys are flooded, the 
tide waters (Altering some of them a distance of nearly tvfp 
miles, while the depressions of their mouths are often below 
level of low tide. The sea clitt's are also actively being eaten 
awa}'. The streams about the bay of San Diego are not appar- 
ently flooded but it is quite possible that this bay as well as 
Falso bay has been formed by this very recent depressiou. 
The fact that we do not know just how much the recent sub- 
sidence has been makes it difficult to discriminate with cer- 
tainty between the erosion of the early Pleistocene and that 
preceding this depressicm, but I think we are justified in as* 
suniing that the broad and flat baseleveled valleys ndih allu- 
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vial bottoms above the points of flooding were excavated out 
of the Pliocene or older strata, as the case may be, during an 
early Pleistocene elevation. 

The plains of Los Angeles stretch from Newport north to 
Santa Monica broken chiefly by the San Pedro hills. The 
plains are underlaid by a very considerable thickness of Plio- 
cene deposits, with Pleistocene on the surface. The submar- 
ine valleys at Newport, Redondo and Santa Monica must have 
been excavated chiefly in the Pliocene strata. The landward 
prolongation of these valleys was of course obliterated in the 
recovery from the Pleistocene depression. The mouths, of 
nearly all the streams in this section, as along the coast of 
San Diego county, are more or less flooded. It is possible that 
the recent depression of about 350 feet which Mr. W. S. T. 
Smith recognized on S'lnta Catalina island is the same as that 
shown by the small submarine valley at Newport, opposite 
the mouth of the Santa Ana river, which is not apparent at 
the depth of 100 fathoms but extends very close to the shore. 

The valley of the Santa Clara river has a general east and 
west direction curving toward the south near its mouth where 
the alluvial plain is many miles wide. The higher hills on 
either side are Miocene while the lower belong to the Pliocene. 
According to Mr. Watts* the valley is not a structural one 
but due to erosion. It is baseleveled for 30 miles from its 
mouth but the depth of the Pleistocene forming the bed on 
which it flows is not known. The submarine valley correspond- 
ing to this, as before remarked, comes verj' close to the shore. 
It must be in great part cut out of the Pliocene filling of 
the post- Miocene erosion valley. There is no reasons what- 
ever for supposing that the deep and narrow valley could in 
any wa}" be formed by the deformation of the Pliocene. 

No more large streams are met until western Santa Barbara 
county is reached. Here the Santa Ynez and the Santa Maria 
enter the ocean with alluvial bottoms 10 and 5 miles wide re- 
spectively. No submarine valleys are known opposite these 
rivers. It is possible that with the last uplift the channels were 
filled pari passu with the emergence of the land. Both of these 
streams flow over sandy or gravelly beds for many miles back 
from their mouths. The Santa Ynez has a general course fol- 

* Verbal communication. 
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lowirij( rjuite rIoHf*lj th<* post-Miocene folding of this region 
itnd w#r httvrj no direct evidence yet as to the relative import- 
niirt* played l)y Htructure (»r erosion in its formation. 

The Santa Maria has a very irregular course, much of its 
^•hannel having been cut across the structural features of the 
inoiin tains. Tlie broad bottom of this valley extends back from 
tin* oe'*nn for a distance of 20 miles with a grade of about 20 
fe<'t to tlie mile. At Fulger's |K)int it issues from the Cuya- 
rnii« canon, uniting at the same time with the Sisquoc. Both 
•-t reams are bascleveled slill manj' miles above the junction. 
This feature* is particularly noticeable in the Santa Maria 
which has cut directly across the mountains through the Jii- 
ra«^ic, ('rctaccous and Miocene strata. The baseleveled con- 
dition <'XtendH into the canon for about 15 miles, the bed of 
the stri'ain being (juile broad but bordered by steep mountains, 
II nd the waters everywhere flowing over a sand bed. There can 
be no (hnibt that to stream erosion is due the broad lower por- 
tion of the Santa Maria valley as well as the upper portion. It 
hiiH clearly been cut out of Miocene rocks at its upper end, as 
well lis near its mouth, where, on the south side the Miocene 
rocks forming a part of Point Sal rise very abruptly and dip 
iiwiiy. Through the most of the first 20 miles of its course the 
river is l>ordered by low hills which are in part of Pliocene 
ngc or <»ven younger. The numerous wells 200 to 300 feet 
ilccp sunk in various parts of the broad valley have pierced 
liiyt»rs of gravel, sand and clay which are apparently entirely 
undisturbcil having a dip corresponding to the alluvial sur- 
face Tin»sc (h'posits arc in all probability verj- deep and resem- 
ble in every character those of known Pleistocene age in the 
other large valleys o{ the state. We can thus distinguish here 
two periods of elevation, one following the Miocene, the other 
the Pliocene. 

Vvoxw Sin\ta Maria north to (\'irmelo numerous streams have 
cut transver>e v:dlevs in the Coast Hanixes but none of these 
)ia\e a very large watershed. San Luis Obispo, Morro, San 
Simeon a\\k\ n\nuerous t»ther small creeks, as well as the ar- 
toNO'i \ ,\ K vw: and C'»»rpo Joro and the Sur river all clearly 
vl^.ow at ilu^ points at which thev outer the ocean indisputable 
. \ :^H v.ee< of a former elevation. The lower portions of all 
^'..v; V-, :,:r.viN rtow over irravellv IvhIs in alluvial bottoms 
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sometimes one half a mile wide. Tlie ver}- recent subsidence is 
sliown by tidal lagoons at the mouths of many of these streams. 
This character appears most distinct with those streams which 
at present are not transporting much detritus. Morro bay has 
the character of a sunken area and probably dates from tliis 
last depression. The existence however of alluvial bottoms 
of very considerable depth above the extreme lower portions 
of the streams affected by the last subsidence must be taken 
as indicative of an earlier Pleistocene elevation. All the 
streams along this partof the coast have eroded their cljannels 
in Miocene or older strata unless it be with the exception of 
the Arroyo Grande which in its lower portion is bordered by 
more recent formations. 

In the course of a geological study by the writer of the Bu- 
chon range west of San Luis Obispo some facts strikingly 
corroborative of a recent depression have recently been brought 
to light. It seems that in the case of two small creeks, their 
present valleys, eroded in the Miocene shales, extend beneath 
the ocean to a considerable distance. The mouth of one of these 
streams, Islay creek, where it enters the ocean between clitfs 
of shale has been filled up to base level with gravel, but sound- 
ings undertaken for the purpose of making a landing show an 
extension of the narrow land valley, to at least a distance 
where the water is seven or eight fathoms deep. It may ex- 
tend further, but no effort has been made to trace it. The 
course of the submerged valley is beautifully shown during 
rough weather by the breakers on either hand. The slope of 
the bed of the creek back from the ocean appears to extend 
unbroken beneath the water, and this taken in connection with 
the fact that the cliffs are being rapidly eaten into and under- 
mined leads to the conclusion that the subsidence is very re- 
cent. 

Professor Lawson has interpreted the conditions at Car- 
melo bay as pointing definitely to the fact that the coast has 
never been elevated more than at present since the post-Mio- 
cene upheaval. To my mind the conditions lead to the oppo- 
site con(^lusion. 

San Jose creek enters the ocean through a flat which cer- 
tainly has been excavated at some time below the present 
ocean level, and tlie depression agrees in position with the ex- 
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tension landward of the deep submarine valley forming the 
southern side of Carmelo bay. I cannot conceive of the con- 
ditions under which a fault might occur which woiild give the 
bottom the character shown, without a period of subaerial 
erosion. The Carmelo river is spoken <»f by Lawson as base- 
leveled only in its lower stretches. On the contrary its broad 
sandy bed extends back 15 miles. Lawson holds also that be- 
cause the mouth of the Carmelo river lies between granite 
outcrops not more than one-eighth of a mile apart the bed- 
rock can be only a short distance below, and that consequent- 
ly the elevation of the coast never could have been much great- 
er. This conclusion does not necessarily follow for the bed- 
rock may be much deeper than supposed, and besides there is 
another possibility. During the early Pleistocene elevation, 
and before the formation of the modern terraces the river may 
have emptied into the ocean north of Abalone point. The 
general character of the river bottom is most suggestive of a 
very considerable elevation during the early Pleistocene. 

If professor Le Conte is correct in supposing that at one 
time the outlet of the great valley of California was into 
Monterey bay, ths size of the submerged valley at that point 
is easily accounted for. The Salinas river, however, is of no 
mean size, and during a portion of the year carries a large 
body of water. There can be no doubt whatever that at the 
mouth of this river the Miocene bedrock is at a great depth, 
and consequently the post-Miocene disturbance could not 
have been the origin of the submarine valley, as professor 
Lawson thinks. He* considers the Salinas valley to be a 
valley of erosion along a fault line and cut out in pre-Plio- 
cene times. With the latter thought I am in accord, but that 
would necessarily demand that the pre-Pliocene elevation 
should have been much greater than the present, which con- 
* elusion is contrary to the opinifTn of the author just referred 
to. A deep well has been bored near the town of Salinas, 
which lies in the centre of the valley a few miles from the 
r>cean. The material passed 'through is quite similar to that 
in some of the other large valleys, which is considered to be 
of Pleistocene age. With the Pliocene depression the valley 
must have been partly filled, and with the following early 

♦Bull. Dpt. of Geol. Univ. of Calif., Vol. L, p. 155. 
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Pleist<)<-*«>ne elevation again excavated and in the recovery 
from the terrace period filled to the present level. The fact 
that the sub marine valley extends close to the shore directly 
at the mouth of the present river makes it very certain that 
its upper portion must be excavated in the Pleistocene sedi- 
ments and at a very recent epoch. 

Indications of a recent subsidence are plainly visible near 
the mouth of the Pajaro river. A tidal lagoon extends north- 
erly from a point west of Castroville for about ten miles. The 
lagoon is bordered by low hills of unconsolidated material, 
probably of Pleistocene age. The slopes of the hills facing 
tlie old channel show plainly the effects of erosion during a 
greater elevation, for it is inconceivable that it could have 
been excavated under present conditions. » 

Although the Pajaro river tlows out to this ocean through 
a narrow canon on leaving the Santa Clara-San Benito valley, 
this fact cannot be used as an argument against the view that 
the Sacramento river once emptied here. The narrow and 
steep walled gorge has been cut very recently, possibly as a 
result of local warping. The hills immediately adjoining the 
canon on the south do not rise over 300 feet and are of recent 
formation. 

The character of the broad valley north of San Pedro point 
is indicative not only of the recent subsidence which Lawson 
considers has affected the region about the bay of San Fran- 
cisco, but of a very considerable elevation prior to the for- 
mation of the terraces. 

From the foregoing considerations it is evident that the 
last depression has not been so local as Lawson has supposed. 
It is seen to have affected the most, if not the whole, of the 
southern coast. The negative evidence, according t<» Lawson, 
north of Bodega Head is not of great value, for the mountains 
generally come down quite abruptly to the coast. The flood* 
plain descrih..d by hini at the mouth of Eel river is stronglv 

suffi'i'Stive of a ref^nf a^. • ^ i . t i 

*='*' rt-ccnt depression; at least I do not see any 

reason why the phon(»niena might not be interpreted as easily 

that way as anv otli^- t . l » i. 

, . , -^ , ^ otner. Lagoons occur at the mouths of 

Sinith and Klamnth ^: i i. . . 

^lamatn rivers, but this region has not been 

studK-d. ^ 

A recent subsidenoi^ to . i • i • ,i i . ^ 

"^^ IS plainly recognizable along the Ore- 
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gon coast according to Mr. Diller. He sajs:* "The last 
movement of the land by which the Oregon coast came to its 
present position was one of subsidence. This movement had 
a marked effect upon the rivers. They are drowned on the 
lower portions of their courses, and the tide comes far in- 
land." The last subsidence is thus seen to have been a gen- 
eral one. There is no doubt that in certain places on the 
California coast, as at the Golden Gate, it is more pronounced 
and noticeable. 

It might be argued from the character of the large valleys 
opening out through the Coast Ranges to the ocean that we 
have no definite means of discriminating the Pleistocene from 
the Pliocene, that the latter may be encountered onl}'^ a slight 
distance below the surface, and that no reliable evidence can 
be gained from the study of this aspect of the supposed post- 
Pliocene elevation. Does the Pleistocene occupy a depression 
^^roded out of the Pliocene w^hich it is believed filled or partly 
filled the most of the older valleys of the Coast Ranges? It 
is admitted that much of the needed information is at present 
lacking, but there is nevertheless some of great value at hand. 
In the first place the Pliocene is found to be more or less 
tilted and faulted wherever it occurs, the Pleistocene on the 
contrary has simply been elevated in the epeirogenic move- 
ment of the coast without any other noticeable disturbance. 
From the Santa Ana plain on the south, to the region about 
San Francisco bay, wells possessing more or less of an artesian 
character have been found in the most of the larger valleys. 
The record of the material passed through in drilling these 
wells has been kept in many cases and it appears that it is gen- 
erally quit^ uniform. It consists of unconsolidated gravels, 
sands and clays. Where fossils have been found, as in the San- 
ta Clara valley and the Great valley, the strata are distinctly 
shown to be of Pleistocene age. Their position is somewhat 
basin-like and so entirely undisturbed that with some experi- 
ence it can ofti^n be told quite definitely how deep certain stra- 
ta lie in difi'erent parts of any particular valley. If the beds 
were of Pliocene age we know that this regularity would not 
be found to exist. I believe then that we have a right tr> ex- 
tend our generalization from these valleys where fossils have 

*17th Annual Report of the U. S. Geol. Sur., p. 50. 
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been found to others where we know the character of the 
strata but have no record of fossils. I think then that we can 
lay it down as a general fact that all the stream vallej^s open- 
ing out to the coast are filled to a very considerable depth 
with undisturbed deposits of Pleistocene age. In the plains 
of Santa Ana and Los Angeles artesian wells are found seve- 
ral hundred feet in depth passing through unconsolidated ma- 
terial. In the Santa Maria valley the wells reach down 200 
to 300 feet passing through sands and gravel having the same 
almost level position as the surface of the valley. How much 
deeper this formation is we of course do not know. In the val- 
leys of the Salinas and a few miles from the ocean is a well, 
reaching a depth of 1300 feet. The character of the strata 
passed through seems to be very similar to that shown by the 
deep wells of Stockton where they are believed to be of Pleis- 
tocene age. From Watsonville west to the ocean are artesian 
wells 70 to 256 feet deep lying in the flat bottom of the Paja- 
ro valley. Numerous artesian wells have been put down the 
whole length of the Santa Clara valley and on both sides of 
the southern arm of San Francisco bay. They vary in depth 
according to position from 100 to 700 feet. Remains of Pleis- 
tocene mammals have been obtained in addition to marine and 
fresh water shells. 

I think that in general there can be no doubt that these 
wells are confined to the undisturbed Pleistocene beds filling 
the earlier eroded valleys. The water coming down the pres- 
ent streams begins to percolate downward, as soon as the 
bedrock is passed, into the sand and gravels, the sedimenta- 
tion lines of which conform to their original slightly sloping 
position, the position in which they were deposited during 
the greater elevation of the early Pleistocene. The beds of 
coarse sand, pebbles and sometimes boulders passed through 
in the Salinas well as in the Great Valle}' indicate that depo- 
sition followed close upon subsidence, and that a much 
greater elevation must have existed. 

Conclusion. 

It is believed that the above discussion has completely sub- 
stantiated the view first advanced by professor Le Conte of a 
greater elevation of the coast during the early Pleistocene. 
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The difficulty of always being able to discriminate between 
the effects of the different movements is not overlooked, or 
the possibility of their being more complex than at present 
believed. It will be perceived that this view introduces an- 
other complete vibration, making two where professor Lawson 
has one, and appears in a general way to harmonize the move- 
ments on the Pacific coast with those recognized by many 
students in other portions of North America. 

Tiie marked orogenic disturbances which accompanied the 
epeirogenic movements at the close of what has been termed 
the Miocene, as well as those which have been considered as 
limiting the Pliocene in the Coast Ranges, should continue to 
be used as in the past to set off the rocks of these periods. 
These disturbances were accompanied by lava flows and re- 
sulted in marked nonconformities. The intensity of the oro- 
graphic movements varied along the 800 miles of the Califor- 
nia coast, and in the interior, so that owing to different con- 
ditions of life, as well as to this intensity, the number of 
extinct forms in the different beds, particularly in the Plio- 
cene, show a considerable variation. The total outcome of 
the movements because of their local intensification has re- 
sulted in the elevation of Miocene strata over 6000 feet in 
portions of the Coast Ranges, while to the south near San 
Diego strata of that age are apparently absent. 

It is believed that the various lines of evidence presented 
in regard to a supposed post-Pliocene uplift are incontrovert- 
ible, and that the disturbances recognized by all as occurring 
at that time could not have left the general level of the coast 
less than 1000 feet and probably much more than that, above 
the present, and that the upturned Pliocene beds were truncated 
by subaerial erosion previous to the terracing. This elevation 
must have been sufficient and perhaps much more than suffi- 
cient to permit of a connection of the Santa Barbara islands 
with the mainland. The movements of the islands also seem 
to have corresponded very closely with those of the mainland. 

It is believed that the submarine valleys are in most cases 
ii not in all explainable by no other hypothesis than that of 
subaerial erosion ; that without doubt such valleys were formed 
following the post-Miocene uplift, or what is quite within the 
bounds of possibility earlier still, but that their final form, 
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aside from subsequent modification by sedimentation, was 
given them during the post-Pliocene elevation which the steep 
character of the valleys would appear to indicate was of no 
great duration geologically speaking. The lack sometimes of 
correspondence between these submarine valleys and those of 
the present streams may be due in part to changes in the land 
topography and in part to local conditions during the rising 
and sinking. 

The more important movements of the coast during the time 
under discussion are believed to have been as follows. 

(1) Post-Miocene disturbance, resulting in an elevation 
much greater than the present, and outlining during the re- 
sulting erosion many of the present land features and origi- 
nating or enlarging some of the marine valleys. 

(2) Pliocene depression and accompanying sedimentation 
in favored localities. 

(3) Post-Pliocene disturbance accompanied with folding, 
faulting and upheaval to a greater elevation than the present; 
a movement probably felt in the Sierra Nevadas and resulting 
finally in the glaciation of that region. During the erosion of 
this early Pleistocene the existing valleys of the Coast region 
were wholly or partly re-excavated in conjunction with the 
present marine ones. During the period of elevation, prob- 
ably not lat^'rthan the middle Pleistocene, the mammoth and 
other extinct mammals occupied the Pacific coast a^nd spread 
over what are now known as the Santa Barbara islands. 

(4) After a comparatively brief period as shown by the 
steepness of the submerged valleys a downward movement be- 
gan and continued until the land was at 1200 to 1600 feet be- 
low the present. 

(5) In the recovery from this sunken condition the terra- 
ces were formed and an elevatioa reached which was some- 
what greater than that now shown. 

(6) Last of all took place the subsidence recognized by 
Mr. Diller in Oregon, by professor Lawson at the Golden Gate 
and by the writer along the coast to the south. 

A present discussion of this subject must be far from ex- 
haustive and future study may bring out modifications of the 
above outline, but it is hoped that some permanent addition 
has been made to the knowledge of the history of this region. 
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THE PHYSIOGRAPHIC DEVELOPMENT OF THE 
UPPER MISSISSIPPI VALLEY. 

By Oscar H. Herahet, Froeport, 111. 

The Cretaceous period was characterized, on the site of the 
present Mississippi valley, by the most favorable conditions 
of widespread baseleveling. The land, never greatly elevated, 
stood at a nearly permanent level with relation to the seii, 
during the entire time, enabling the streams to so widen their 
valleys and surface erosion to tear down tiie divides, that the 
entire land area, long before the close of tiie period, had as- 
sumed the attitude of a low-lying, very slightly undulating 
plain, rising gently from the sea coast to the most distant in- 
terior parts. Over the outcropping areas of limestones and 
soft shales and sandstone, which then underlaid the surface 
from the granites and quartzites of the central area of Wis- 
consin and northeastern Minnesota, to the Archean belt (now 
partly buried under later strata ) which lies south of the south- 
ern Appalachian and Ozark provinces, this Cretaceous pene- 
plain must have been one of a remarkably even character. 

During the later or upper Cretaceous time, the sea on the 
west was gradually encroaching upon this great baseleveled 
plain. Possibly slight warpings along the coast or the marine 
erosion of small sea-clilfs. enabled the streams near their ew- 
hoHchnre into the sea, to excavate slight channels, not suffie- 
lent however, to materially interfere with the plain-like char- 
acter of the land surface. As the Cretaceous waters took 
possession of wide stretches of nearly level land, they depos- 
ited line sediment in thin strata, first in the slight valley 
tnnighs, and then upon the general flat surface of the inter- 
stream portions. Since the close of the period and the dis- 
apj>ear»nce of the sea from the Mississippi basin, subaerial 
en^sion, supplemented in the north by glacial abrasion, has 
generally removed the soft Cretaceous strata from the areas 
where they never existed in great thickness. Bui here and 
there an isolated outlier remains in the shallow depressions, 
indicatini* the former extent of marine strata of this a^xe. Bv 
this means, the irei^K^fists of the Minnesi>ta survev have been 
enableil to determine that at the lime of maximum submerg- 
ence in the Cretace\>us perioil, it is doubtful if anv larire bodv 
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of land, now included in this state, remained above the sea- 
level, except perhaps the extreme northeastern portion of it. 

The isolated outliers which, in Minnesota, indicate the for- 
mer extent of the sea, have all been demonstrated to be upper 
Cretaceous in age. They have lithologic characters peculiar 
to the product of this period, and, moreover, contain a fossil 
fauna and more especially a flora which fix their age beyond 
any doubt. Now, it is obvious that the rock surface upon 
which these strata repose represents approximately the land 
surface of the later portion of the Cretaceous period. I say 
approximately, because there may have been slight marine ero- 
sion of the land surface at the time of its submergence. But 
the shallow depressions or valleys in which these strata rest 
show that there was not formed a well-marked submarine shelf. 
Hence, we may consider the surface upon which these strata 
lie, as representing the present attitude of the Cretaceous pene- 
plain. 

By a careful study of these outliers and the altitudes which 
they now attain, we may learn of the amount of deformation 
which this, at present much dissected peneplain, has sutFei'ed, 
and also secure data for its location in neighboring states. 
This is the primary object of this paper. 

Peneplains ({f southeastern Minnesota* Cretaceous impure 
lignite with associated fossiliferous clays, outcrop in the west 
bank of the Mississippi river, at the mouth of the Two Rivers 
in Morrison county, central Minnesota. They are of fresh 
water formation, but flx the position of the peneplain almost 
as definitely as do those of marine origin. The altitude of the 
mouth of the Two Rivers is about 1034 feet above the sea. 
The outcrop of Archean staurolitic schist and diorite at vari- 
ous places along and close to the river but never high above 
it, within the county ten miles northward, seems to indicate 
that this is approximately the altitude of the dissected Cre- 
taceous peneplain in this vicinity. 

In the counties of Hennepin, Ramsey, and Dakota, which 
adjoin each other at the junction of the Minnesota and Miss- 

*The information coDcerning southeastern Minnesota has been de- 
rived largely from the maps accompanying Vols. I and II of the reports 
of the Minnesota geological survey. These maps, although never in - 
touded to represent all the minute details of the topography, are yet 
sufficiently accurate for the purpose to which I have applied them. 
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the topographical development of southeastern Minnesota, 
we will begin in the southeastern corner of the state. Here, 
as we have just seen, the Cretaceous peneplain is represented 
by upland areas which now attain an altitude of 1300 or more 
feet above the sea. This plain must have originally extend- 
ed to and across the present course of the Mississippi, rising 
slightly in that direction; but it has been almost completely 
destroyed throughout the country east of the Trenton escarp- 
ment, by erosion subsequent to the uplift of the upper pene- 
plain. This new cycle of erosion resulted in the formation of 
a new peneplain about 150 feet lower than that of Cretaceous 
age. This new peneplain, (whose existence as such is not doubt- 
ed by most students of the upper Mississippi region) being of 
later age than the Cretaceous may be designated as the Terti- 
ary peneplain. The newer baseleveled plain which has an al- 
titude of about 1200 feet in the southeastern corner of the 
state, slopes gently and evenly northwestward to about 1050 
feet above the sea in Goodhue county. Returning now again 
to the Cretaceous peneplain we find that it slopes northwest- 
ward also gently and evenly, but at a rate slightly greater 
than the Tertiary peneplain, the result being that in Good- 
hue county, where its position is accurately fixed by an exten- 
sive outlier of Cretaceous strata, it is but little higher than 
the Tertiary peneplain. Still farther northward in the vicini- 
ty of St. Paul, the two peneplains have merged so completely 
that either name may be applied to the 900-foot plain with 
equal propriety. Northward from Hennepin county the Cre- 
taceous peneplain again rises, but the country being heavily 
drift covered the Tertiary peneplain is unrecognizable, if, in- 
deed, it is not identical with the Cretaceous. 

Sometime after the termination of the Cretaceous submerg- 
ence of southeastern Minnesota, the land was elevated by a 
differential uplift. In the extreme southeastern corner of the 
state the elevation was sufficient to enable the streams to low- 
er their channels to about 150 feet beneath the Cretaceous 
peneplain. But in the Minnesota depression which extends 
east and west across the south central portion of the state the 
uplift was not sutlieient to seriously affect the stream level. 
Hence, we may infer that about St. Paul and westward in the 
line of the structural depression just mentioned, the land sur- 
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er Magnesian plain which adjoins the canon valley of the 
great river. 

In Goodhue township, about 12 miles southwest of lake 
Poi)in, (piite an extensive outlier of Cretaceous strata has 
been mapped by the Minnesota survey. It is surrounded by 
()Ut<Topping St. Peter sandstone and Shakopee limestone. 
Contours of 1050 to 1150 feet above the sea cross the area 
mapped as Cretaceous. The general upland plain, here about 
1100 feet above the sea, seems to pass across these strata, 
but in the text we learn that the bight and topography of 
this area are similar to those of the *' Trenton plain" on the 
west, so that it seems to be an outlier of an upland surface 
which has been destroj'^ed eastward from it, but is represented 
by the Trenton plain. Now, whether we recognize the Tren- 
ton plain as due to structural features or not, the presence 
of the Cretaceous strata proves that it corresponds approx- 
imately with the uplifted, deformed and widely dissected 
Cretaceous peneplain. It is also quite clear that there being 
no lower peneplain than the Lower Magnesian plain near the 
Mississippi river, if any Tertiary peneplain is here represent- 
ed, it must be very nearly identical in altitude with the Cre- 
taceous peneplain. 

We will now go eastward into Wabasha county. The gen- 
eral upland or Lower Magnesian plain near the river, has an 
altitude of 1100 feet in the country west of lake Pepin, but 
rises gently to about 1200 feet above the sea in the southeast- 
ern corner of the county. In Olmsted county, which is direct- 
ly south of it, the Trenton plain which, in Goodhue county, 
was scarcely distinguishable from the Lower Magnesian plain 
so far as altitude was concerned, now rises into a plain which 
is distinctly higher than the other. It attains an altitude in 
the south portion of the county of about 1300 feet above the 
sea. Beyond its eastern outcrop or escarpment, isolated areas 
of the Trenton rise like "mounds" from a lower plain, notably 
Lone Mound near Potsdam. 

In Winona county, which lies between Olmsted county and 
the Mississippi river, the upland forms one or more dissected 
plains, which have an average altitude of 1300 feet above the 
sea in the southwestern corner of the county, where the Tren- 
ton plain appears, and 1200 feet eastward from the Trenton 
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escarpment to the verge of the Mississippi canon valley, and 
the same across the Lower Magnesian plain northward to the 
north line of the county. The canon valleys are trenched from 
400 to 450 feet beneath the surface of the plain, except along 
and near the Mississippi river where their depth is nearly 600 
feet. In Houston county, which is the most southeastern in 
the state, and lies southeast of Winona county, the Lower 
Magnesian plain is represented by most of the upland ridges, 
which stand about 1150 feet above the sea, rising to 1200 feet 
in portions of the county. These upland ridges form a near- 
ly level dissected plain which terminates abruptly near the 
verge of the Mississippi caiion valley. It is cut by the deep 
valleys of streams tributary to the large river, but proportion- 
ately slightly wider than the great caiion. The water level is 
about 020 to 700 feet above the sea, the main valleys being 
thus about 500 feet in depth. The Lower Magnesian plain 
slopes gently westward, with the dip of the strata, ten miles 
to the foot of the Trenton escarpment, where the surface rises 
abruptly 100 feet to the top of the Trenton limestone, and 
then by a more gentle slope of 50 to 75 feet, reaching the lev- 
el of the Trenton plain about 1325 feet above the sea, or about 
150 feet above the lower plain. 

In going westward from Houston county, we again get into 
very interesting territory. In Fillmore county, the general 
upland surface averages 1200 feet above the sea, except on 
the Trenton limestone areas, where it rises abruptly to 1300 
or 1350 feet. Trenton outliers stand on the lower plain some- 
what as do the "mounds" in the lead region of Wisconsin, 
Iowa, and Illinois. They are known as '"Trenton mounds." 
In the western portion of the county, the nearly level plain 
which forms the surface of the Trenton areas, passes across 
the intervening strata on to the Devonian limestone, without 
any deformation. Perhaps I should say that while both the 
Devonian and Trenton plains may be "structural" in origin, 
their surface corresponds in altitude, forming a practically 
continuous dissected plain, having a general altitude of 1300 
to 1350 feet above the sea, suggesting that they may have 
been formed under the same conditions as a true peneplain. 
This apparent peneplain is not confined to one county, but 
passes westward across Mower county, gently declining in 
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that direction and southward into Iowa, where it becomes the 
surface of the well-marked topographic feature, the Niagara 
plateau. We shall now see whether there is any further evi- 
dence of its having originated under baseleveling conditions. 

Cretaceous strata are not well exposed, but are probably 
developed with considerable areal extent in the southwestern 
corner of Fillmore county, where they overlie Devonian lime- 
stone at an average altitude of 1300 feet above the sea. The 
lower portion, as the Minnesota survey report says, *'consist8 
of sandstones and lignitiferous clays or shales, the sandstones 
lying at the base of the formation, and being the same that 
Dr. White has denominated in Iowa, the Nishnabotany sand- 
stone, and belonging to the Dakota group of Messrs. Meek and 
Hayden." This sandstone so far as observed has a thickness 
of about 100 feet. The shaly member above the sandstone has 
been identified by Mr. F. B. Meek as the Fort Benton group 
of Messrs. Meek and Hayden. Cretaceous strata are also map- 
ped in the eastern part of Mower county, near Hamilton as 
overlying Devonian limestone at about 1300 feet above the 
sea. Near Austin in the western part of the county they are 
represented as occurring over Devonian shale and sand-rock 
at an altitude of about 1150 to 1200 feet above the sea. It 
thus seems evident that the 1300-foot plain in Fillmore and 
eastern Mower counties, because of its possessing extensive 
outliers of marine Cretaceous strata of the age of the earlier 
portion of upper Cretaceous time, represents approximately 
the land surface on which, aft«r its submergence, the ancient 
sea deposited its sediment, and that therefore it deserves to be 
known as the Cretaceous peneplain. This ancient plain slopes 
northwestwardly, being represented in western Mower county 
at about 1200 feet and in Brown and Cottonwood counties it 
must pass beneath the Cretaceous strata, which are mapped 
in the Minnesota valley by Upham at levels between 800 and 
900 feet above the sea. This is, also, approximately the alti- 
tude of the top of outcropping areas of Archean granite and 
gneiss throughout the upper Minnesota valley. The highlands 
south of this depression are heavily drift covered, but the 
coteau lies prairies is known to consist largely of Cretaceous 
strata. 

In recapitulation of the results of this investigation into 
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the topographical development of southeastern Minnesota, 
we will begin in the southeastern corner of the state. Here, 
as we have just seen, the Cretaceous peneplain is represented 
by upland areas which now attain an altitude of 1300 or more 
feet above the sea. This plain must have originally extend- 
ed to and across the present course of the Mississippi, rising 
slightly in that direction; but it has been almf)St completely 
destroyed throughout the country east of the Trenton escarp- 
ment, by erosion subsequent to the uplift of the upper pene- 
plain. This new cycle of erosion resulted in the formation of 
a new peneplain about 150 feet lower than that of Cretaceous 
age. This new peneplain, (whose existence as such is not doubt- 
ed by niost students of the upper Mississippi region) being of 
later age than the Cretaceous may be designated as the Terti- 
ary peneplain. The newer baseleveled plain which has an al- 
titude of about 1200 feet in the southeastern corner of the 
state, slopes gently and evenly northwestward to about 1050 
feet above the sea in Goodhue county. Returning now again 
to the Cretaceous peneplain we find that it slopes northwest- 
ward also gently and evenly, but at a rate slightly greater 
than the Tertiary peneplain, the result being that in Good- 
hue county, where its position is accurately fixed by an exten- 
sive outlier of Cretaceous strata, it is but little higher than 
the Tertiary peneplain. Still farther northward in the vicini- 
ty of St. Paul, the two peneplains have merged so completely 
that either name may be applied to the 900-foot plain with 
equal propriety. Northward from Hennepin county the Cre- 
taceous peneplain again rises, but the country being heavily 
drift covered the Tertiary peneplain is unrecognizable, if, in- 
deed, it is not identical with the Cretaceous. 

Sometime after the termination of the Cretaceous submerg- 
ence of southeastern Minnesota, the land was elevated by a 
differential uplift. In the extreme southeastern corner of the 
state the elevation was sufificient to enable the streams to low- 
er their channels to about 150 feet beneath the Cretaceous 
peneplain. But in the Minnesota depression which extends 
east and west across the south central portion of the state the 
uplift was not siitlieient to seriously atfect the stream level. 
Hence, we may infer that about St. Paul and westward in the 
line of the structural depression just mentioned, the land sur- 
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face was a low-lying plain through nearly the whole of the 
Tertiary era. This ide« is, I understand, in accordance with 
the opinion of Messrs. Hayes and Campbell, and of the geolo- 
gists of the Minnesota survey. This long period of baselevel- 
ing was suddenly terminated by the most profound movement 
of elevation which has affected the territory since the Paleo- 
zoic era, enabling the streams to dissect the upland peneplain 
by canon valleys from 400 to 700 feet in depth, (excluding the, 
at present, buried portions). 

Feneftlaius of northeastern Iowa* Crossing the stat^ line 
into Iowa, we find the main topographical features of tiie ter- 
ritory whose investigation has just been completed, continued 
and even better defined than in the more northern district. 
In the northern one-third of Allamakee county, the Tertiary 
peneplain is underlain by the St. Peter sandstone, but over 
the remainder of the county, the Trenton group forms its 
nearly level surface. The altitude averages 1200 feet above 
the sea, and hence the canon valleys which, in this county, 
have tortuous courses suggesting an origin from the mean- 
ders of the streams on the peneplain before uplift, are nearly 
600 feet in depth. A few mound-like elevations reaching 1300 
feet above the sea occur on a ridge trending northeast from 
near Ludlow. Going westward into Winneshiek and Howard 
counties, we rise rather abruptly to the surface of the Tren- 
ton plateau, having an average altitude slightly exceeding 
1300 feet above the sea. This plain is indistinguishable so far 
as altitude is concerned from the surface ofthe Niagara stra- 
ta west of it, which latter also merges into the plain of the 
Cedar Valley limestone. The surface of these three limestone 
formations together constitute the 1300-foot plain or plateau 
in distinction from the 1200-foot plain or Tertiary peneplain 
east of the Trenton escarpment. Now, in the vicinity of For- 
eston and Lime Springs, in northern Howard county. Creta- 
ceous strata occur with characters which demonstrate their 
affinity to the strata of practically the same age outcropping 
in Minnesota on this same 1300-foot plain. This Cretaceous 

♦The information concerniog northeastern Iowa was derived largely 
through a study of the fine hypsographical and geological maps, (sup- 
plemented by the admirable descriptions contained in the text) accom- 
panying Dr. VV J McGee*s excellent memoir on "The Pleistocene Hist- 
ory of Northeastern Iowa," in the Xlth Annual Report of the U. S. 
Gool. Survey. 
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Fio. 1.— Se<^!tion drawn north and sol'th across the basins of the Leaf river 

AND Elk Horn Creek in northwestern Illinois. 

Legend— a, Tertian* peneplain, b, Lafayette base level, c. Present stream level. N, Niagara lim<»- 

><t<)ue. H R, Hud.son River shales. Q, Galena limestone. T, Trenton limestone. St. P, 

St. Peter sandstone. L M, Calciferous limestone and shale. P. Potsdam sandstone. 

outlier in Iowa is important as corroborating the evidence 
previously presented of the practical correspondence between 
the apparent structural plains represented by the Trenton and 
Niagara f)utcrops in this portion of the Mississippi basin, 
with the ancient land surface which has been designated the 
Cretaceous peneplain. 

Southward from Allamakee county to the Turkey river, the 
upland within 20 miles of the Mississippi river, consists of 
the flat topped ridges whose crests merge, in the far distance, 
into an even sky-line — the remarkably even surface of the an- 
cient Tertiary peneplain. It passes from the Trenton lime- 
stone on to the Galena limestone, and bevels the edges of the 
latter. It also slopes gently and evenly in this southward di- 
rection, to about 1,000 feet above the sea near the mouth of 
the Turkey river. It extends almost to the very verge of the 
canon valley of the Mississippi and beyond this stream it forms 
the general upland surface throughout southwestern Wiscon- 
sin, Because of i-ts ignoring the gentle folds of the indurated 
formations, its passage without deformation from one terrane 
to another, and its even sky-line in the far distance, it is gen- 
erally recognized as a dissected base-levelled plain regardless 
of the fact that some portions of it present as strong evidence 
of being "structural plains" as any in America. 

Returning now again to our 13Q0-foot plain, in tracing it 
southward from Winneshiek county, it becomes the well known 
Niagara plateau of northeastern Iowa, whose eastern limit is 
the Niagara escarpment, the most prominent topographical 
feature of the territory. This plateau gently declines south- 
w^ard, until near the mouth of the Turkey river, its altitude 
slightly exceeeds 1200 feet. The escarpment which bounds 
it is nearly everywhere precipitous, but is deeply cut by val- 
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leys, giving the border of the plateau a orenulate outline. 
These marginal ridges do not form a perfectly even plain, but 
they do not appear to reflect the attitude of the slightly cor- 
rugated strata as perfectly as a mere structural plain should. 
The summit line of the escarpment gradually rises, with ref- 
erence to the Tertiary peneplain east of it until, near the 
mouth of the Turkey river, there is a vertical diflPerence be- 
tween them of about 200 feet. 

The Niagara escarpment which approaches very close to 
the canon valley of the Mississippi river, south of the mouth 
of the Turkey river, again recedes from it, and in northeastern 
Dubuque county, the Tertiary peneplain is developed over a 
width of 10 or 12 miles. It is interrupted however, b}^ outliers 
of the Niagara plateau of which Sherrill mound is the most 
prominent. At the cit}' of Dubuque, the Tertiary peneplain 
is represented by the general upland surface at an altitude of 
about 900 feet above the sea. Half a dozen miles w^estward 
from the city, the Niagara escarpment is seen, with a concen- 
tric course, bounding the plain like the perpendicular walls of 
a high crater. Its crest line is remarkably even if it represent 
a structural plain, for it is crossed by a number of slight an- 
ticlinal folds. The nearly level plateau whose eastern border 
this escarpment is, has an altitude which barely reaches 1200 
feet above the sea, or something over 250 feet above the Terti- 
ary peneplain east of it. The Niagara plateau slopes gently 
westward, and is overlain near Rockville in Delaware county, 
by a gravel formation which McGee has provisionally corre- 
lated with the Cretaceous strata of southeastern Minnesota. 
This correlation being probably correct, seems to indicate 
that the Niagara plateau in Dubuque and Delaware counties 
is not merely a structural plain, but also corresponds with the 
land surface of the Cretaceois period. In fact its extension 
without any decided change in altitude and only a slight and 
gentle slope, from the undoubted Cretaceous peneplain of 
southeastern Minnesota and Howard county, Iowa, warrant 
our reference to it as the Cretaceous peneplain. This pene- 
plain everwhere slopes westward, which is necessary that it 
may go under the Cretaceous strata in the western part of the 

state. 

Southward from Dubuque, the Niagara plateau sends eev- 
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era] spurs almost to the very verge of the canon valley of the 
Mississippi river. They form heavily wooded, even-^irested 
ridges which rise nearly 600 feet above the stream. South- 
ward from the northern portion of Jackson county the Niag- 
ara plateau disappears, and the hard limestones of this form- 
ation constitute the general upland areas whose surface rep- 
resents the Tertiary peneplain. This extends with an average 
altitude of 900 feet above the sea but a slight southward slope, 
to the northern edge of the broad basin occupied by the lower 
course of the Wapsipinicon river. 

Penephiins of northwestern Illinois. — Upon crossing the 
Mississippi river into northwestern Illinois, we find tlie Ter- 
tiary peneplain well represented by the general upland surface. 
In Jo Daviess county it slopes perceptibly toward the south- 
west from an axis of deformation which crosses the Wisconsin- 
Illinois line near Warren, and trends southeastward. Through- 
out this region the peneplain corresponds approximately with 
the surface of the Galena limestone, but in Stephenson county 
it bevels the edges of the slightly tilted strata of that forma- 
tion, cutting away 100 feet of it, ten miles east of Freeport. 
Yet the skyline of the upland areas remains remarkably even, 
indicating that, before the uplift, deformation, and dissection 
of the peneplain, it was about as flat as a plain of denudation 
can well be. In northern Carroll county, its southwestward 
slope is quite perceptible, but it maintains an altitude of 
nearly 900 feet above the sea into the northern part of White- 
side county. This is another area where the original altitude 
of this peneplain must have been remarkably even, yet it is 
underlain by the Galena and Niagara limestones, and the Hud- 
son River shales, never indicating their ditference by any ine- 
quality of surface. 

The Niagara plateau with its outliers or "mounds," which 
we left in Iowa, ending abruptly near the Mississippi river 
in a steep, crenulate escarpment, reappears in Jo Daviess 
county, Illinois, where it is first represented by Pilot knob, a 
prominent cone-shaped elevation, nenr the mouth of the Ga- 
lena river. This rises to about the same altitude as theXiag- 
arn plateau in the adjoining portion of Iowa. The central 
portion of the county is a dissected i)lateau,or rather a series 
of small plateaus which do not diiler frc>ni the Niagara plateau 
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of Iowa except in areal extent. These plateau masses form a 
di8^;ected plain as perfect as the Niagara plateau in Iowa. 
Around their western, northern, and eastern borders there are 
outliers in the form of "mounds," some cone-shaped and 
others elongated into short flat-topped ridges. The larger of 
these '^mounds" attain practically the same altitude as the 
neighboring plateaus, and their summits are evidently parts 
of the same dissected plain. Imagining for a few moments, 
that all the strata which have been removed from between and 
around these **mounds" and plateaus be restored, we would 
see the land surface as a very slightly undulating plain, slop- 
ing gently from an altitude of about 1276 feet on the Wiscon- 
sin line to 1100 feet near the mouth of the present Galena 
river, and 1050 feet above the sea in Stephenson county near 
the village of Eleroy. This plain would be continuous, with- 
out any deformation whatever, with the Niagara plateau in 
Iowa. It would also sink, with reference to the Tertiary pen- 
eplain, from about 250 feet along the Mississippi river near 
Dubuque and 275 feet in Jo Daviess county near Scales mound, 
to only 125 feet in Stephenson county near Eleroy. Further- 
more, its surface would not reflect the slight folds of the in- 
durated formations, several of which cross the area of the 
plateaus. But more remarkable than anything yet stated, 
the Niagara limestone would thin out under this plain toward 
the east, until in Erin township, Stephenson county, less 
than a dozen feet of Niagara limestone would remain, al- 
though the formation occurs even now in much greater thick- 
ness under the Tertiary peneplain, less than ten miles south. . 
Whether we consider the summit level of the Niagara plat- 
eaus and outlying "mounds" in Illinois as a structural plain 
or not, the fact remains that they form parts of one great top- 
ographical feature of the upper Mississippi valle}' — a plateau 
extending from Goodhue couuty, in Minnesota, in a magnifi- 
cent curved course, into Jo Daviess county, Illinois. It is 
everywhere bounded on its eastern and northeastern face by 
an escarpment, whose crest line gradually rises above the Ter- 
tiary peneplain to a maximum of about 250 feet near Dubuque 
and thence gradually declines again. Its western face has 
been obscurecl by heavy deposits of drift in Minnesota and 
in Iowa, except near the Mississippi river where it is appar- 
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ent, as also in Illinois. Its surface everywhere slopes from 
the inner to the outer side of the curve or away from some 
point in Wisconsin. It is the remaining portion of a great 
broad, but not high, dome-shaped "uplift" which centred some- 
where in Wisconsin, but which has been completely removed 
throughout the country east and north of the Trenton and Ni- 
agara escarpments, unless possibly its surface may be repre- 
sented bv the summits of the Platte and Blue mounds in south- 
western Wisconsin. 

The concurrence of the surface of this great '* uplift'* with 
the Niagara limestone in Iowa, Illinois, and southwestern Wis- 
consin, and with the Trenton limestone in Minnesota, suggests 
that its characteristic features are due to structure and not 
to baseleveling conditions. But its failure to reflect the cor- 
rugations of the strata, and the thinning of the Niagara lime- 
stone at its eastern borders, which thinning is not similar to 
that of northern Iowa, there having originally been at least 200 
feet of this formation over the Erin mound in Illinois, seem 
to indicate that it is a portion of a widespread peneplain which - 
was uplifted differentially into a broad, low dome, and subse- 
quently much dissected by erosion. It has been demonstra- 
ted that in southeastern Minnesota and extreme northern Iowa 
this supposed peneplain corresponds to the late Cretaceous 
baseleveled plain, while there is some evidence of Cretaceous 
strata on its surface as far south as Delaware county. I con- 
t?ider it a legitimate inference from the evidence that the sur- 
face of the Niagara plateau in both Iowa and Illinois every- 
where represents the Cretaceous peneplain, so that a reference 
of the summit plane of the "mounds'* in northwestern Illinois 
to this category is not mere hypothesis. 

Since beginning my investigation into the character of the 
topographical features of the Mississippi valley, I have had 
constantly in mind the probability of many of the dissected 
plains which I encountered having been due primarily to the 
structural inequalities of the rock strata. But, although oft- 
en corresponding to the surface of some specially resistant 
limestone, I have nearly always been able to trace these plains 
across the beveled edges of soft strata. And I have concluded 
that, in all probability, practically all of the extensive so- 
called structural plains of eastern America, are parts of one 
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or several widely developed peneplains. The conditions un- 
der which a "structural plain-' is formed are limited, and un- 
less it also corresponds to a basal plane of erosion, it will nev- 
er have great areal extent. Peneplains are well developed 
where the strata removed above them were soft shales or but 
slightly indurated sandstones, and are best preserved where 
the strata under them are hard limestones or still more resis- 
tant formations. 

The basin valleys of northwestern Illinois, In the small 
geographical district which is enclosed by the Mississippi and 
Rock rivers, and the Wisconsin line, there is a fourth class of 
topographical features which, although not confined to this 
area, is here quite prominent and easily studied. In south- 
eastern Minnesota and northeastern Iowa, the canon valleys 
seem to be trenched beneath the surface of the Tertiary pene- 
plain which extends with its normal altitude nearly to the 
verge of the bluff. But in northwestern Illinois a long gentle 
slope intervenes between the edge of the higher upland ridges 
and the summit of the bluffs which bound the canon valleys. 
These long slopes, on opposite sides of the streams, form broad 
shallow basin valleys, which are in strong contrast to the 
steep-sided canon valleys trenched beneath their floors. The 
basin valleys are not confined to any formation, but their 
width varies according to the resistant nature of the strata ex- 
cavated. When the strata removed in eroding them were the 
Galena or the Niagara limestone they are nevermore than two 
or three times as wide as the canon valleys within them. But 
over the outcropping areas of the Hudson River shales, they 
occupy nearly the entire surface, sometimes even the main 
divides having been reduced from the level of the Tertiary 
peneplain. In the northern portion of the district the depth 
is often 100 feet; but in Whiteside county it does not much ex- 
ceed 75 feet. 

In the southern one- third of Stephenson county, where the 
Hudson River strata outcrop, a belt of country from five to ten 
miles in width, has been reduced below the surface of the main 
Tertiary peneplain, forming a lower, undulating, dissected 
plain, literally a small peiieplain. Throughout one entire town- 
ship in the southeastern corner of the county, the main Ter- 
tiary peneplain is represented by a single elevation — Bunker 
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hill. In the Leaf river valley, the basin valley averages seve- 
ral miles in width, bevels the gently inclined strata of the Hud- 
son River shales, and passes, without deformation, through 
the Galena and Trenton limestones, on to the St. Peter sand- 
stone. The Leaf river flowing eastward and the Elk Horn 
creek flowing southward actually rise in the same basin val- 
ley. The bdsin valley of Elk Hern creek, 2^ miles southwest 
of Foreston, is several miles in width, and its bottom is under- 
lain, over extensive areas, by the St. Peter sandstone, the Tren- 
ton and Galena limestones having been removed from above 
it. The basin of this stream passes across the Trenton, Gale- 
na, Hudson River, and Niagara formations without the least 
deformation. In eastern Whiteside county, it broadens out 
to form a gently undulating dissected plain, which extends 
from Sterling, 15 miles north, and has a possible width of 10 
miles. It resembles the main Tertiary peneplain, but has an 
altitude 75 feet lower, and is bounded on the east, north, and 
west by the higher upland areas which represent the upper 
plain. It bevels the edges of the gently inclined strata of the 
Galena and Niagara limestones, and the Hudson River shales. 
It is literally a peneplain. 

At Unionville, in Whiteside county, we ascend out of the 
canon valley of Rock creek, onto a dissected plain which bor- 
ders the valley and averages 75 feet above it. A few miles 
northwest we have climbed a long slope on to an upland 
ridge which, upon tracing it northward, we find to be a rem- 
nant of the main Tertiary peneplain. It is here about 75 feet 
above the lower peneplain. We now travel northward on the 
''Mississippi divide," which is a broad flat- topped even-crest- 
ed upland ridge trending north and south a few miles east of 
the Mississippi river. On our right is the broad shallow basin 
valley of Rock creek, trenched by its canon valleys, and bound- 
ed on the opposite side by an even-topped upland area corre- 
sponding to that on which we stand. On our left every small 
stream, tributary to the great river, has its basin valley from 
one to two miles in width, separated from each other by even 
crested ridges which extend out as great spurs from the main 
divide. Some of these basin valleys are trenched into Niag- 
ara limestone, some into Hudson River shales, and still others 
int(> Galena limestone, but there is no dilferenee between 
them except in width and in the state of their preservation. 
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In short, these basin valleys in northwestern Illinois are 
everywhere present, and such prominent features of the to- 
pography, that the observant traveler can not fail to notice 
them. In the country southward from Jo Daviess and Ste- 
phenson counties, they occupy three-fourths of the surface. 
All those which are trenched in the same formaticm, are 
directly proportional in size to the present streams, and the 
higher upland ridges never closely approach the canon val- 
leys. This is a rule which governs the product of a well 
balanced drainage system. It here indicates that none of 
the streams (with one exception — the Mississippi), in north- 
western Illinois, differ materially in relative size from th<»se 
which formed the basin valleys. The imaginary plain which 
may be drawn through the bottom of all these basin valleys 
is undoubtedly a basal plane of erosion. While it will show 
slight deformation, due to subsequent differential uplift of 
the district, it will have a level irrespective of the struct- 
ure of the r(»cky strata. In fact, the evidence that this plain 
will not be merely an apparent baselevel, due to the coinci- 
dence in altitude of a great number of structural plains in all 
parts of the district, is stronger than for the peneplain char- 
acter of the upper dissected plain, whose baseleveled condi- 
tion is doubted by scarely any one. 

The basin valleys do not seem to be represented in a very 
definite form north of Illinois and the same latitude in Iowa. 
The broad sandstone plain of central Wisconsin appears to bear 
a similar relation to the main Tertiary peneplain and the canon 
valleys, as the basin valleys in Illinois. But the presence of 
the very resistant Baraboo quartzite ledges crossing the course 
of the stream which baseleveled the lowland plain north- 
ward from them has suggested to Chamberlin that to them 
chiefly is due its apparently baseleveled condition. The 
** Trenton terrace" at St. Paul and Minneapolis, also bears a 
relation to the Tertiary peneplain and the canon valleys iden- 
tical with that of the basin valleys in Illinois. But here it is 
impossible, with the present evidence at least, to demonstrate 
that it is not due solely to the structural inequalities of the 
formations excavated. 

The canon valleys of the upper Mississippi region. This 
very prominent topographical feature of the area under dis- 
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cussion, is already so well known that a few words in regard 
to it will suffice at the present time. Throughout the coun- 
try within twenty miles on either tide of the Mississippi 
river, from St. Paul to the Wapsipinicon and Green River 
baf'infi in Iowa and Illinois, the streams flow in comparatively 
narrow, steep-sided valleys, which have a present depth be- 
tween 100 and 600 feet. The rock bottom of these valleys is 
everywhere from 100 to 200 feet beneath the present stream 
level, indicating that the land was once more elevated than 
at present. 

They are not narrow and deep enough to constitute true 
canons as the term is applied in the southwest, but their form 
and mode of origin are such as to include them under the 
class of "canon valleys." In age, they occupy the time inter- 
val between the completion of the Tertiary peneplain and the 
opening of the Kansan epoch of glaciation. The peneplain is 
pr(»bably identical in age with that in the southern Appalach- 
inn region, which is the product of the Tennesseean epoch of 
degradation as lately defined by McGee. This was followed, 
in the coastal plain and Mississippi embayment regions, by 
the Lafayette submergence and epoch of aggradation. As 
the same writer has indicated, this Lafayette subsidence of 
the territory now occupied by the southern states, must have 
been accompanied by a tilting and possible slight uplift of 
the central and upper Mississippi regions, to revive the senile 
streams and enable them to supply to the sea at their mouths, 
material which was rapidly gathered from the red residuary 
dav of the hind surface. It is probable that the basin valleys 
of northwestern Illinois belong to this Lafayette period of 
increased stream action. The Lafayette submergence of the 
continental border was terminated by a marked uplift of the 
entire eastern portion of North America, and to this epoch 
belongs our canon valleys. All that portion of the valleys of 
the upper Mississippi region, which lies beneath the level of 
the floor of the basin valleys, should be classed as Ozarkian 
in age, this name having lately been proposed for the epoch 
between the Lafayette and the Kansan. 

77? e (Kje (dhI or i gin of the present Mississippi river. Above 
the city of Minneapolis, the Mississippi river tlows in a shal- 
low valley channeled beneath the surface of great drift plains. 
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but rarely reaches the indurated rock. This portion of its 
course is post-glacial in age. At St. Anthony falls, the 
stream plunges or did plunge before the arrival of civiliza- 
tion, over a ledge of Trenton limestone, and thence f(»r eight 
miles flows through a narrow, steep-sided gorge, entirely post- 
glacial in age. At Fort SnoUing, it enters the valley of the 
Minnesota river, and immediately makes a sharp bend toward 
the northeast. It flows thence past the city of St. Paul in a 
well defined canon valley which averages 3,000 feet in width 
and 100 feet in depth. Its walls are precipitous bluffs of St. 
Peter sandstone capped by a 25-foot stratum of hard blue 
Trenton limestone. Their sharp cut outlines are due largely 
to glacial and perhaps post-glacial erosion. Just below or 
east of the city, the narrow caiion valley suddenly gives wa}' 
to a much broader and older appearing canon valley which 
has a trend toward the south-south-east. This latter valley 
averages two miles in width and has sides mantled and often 
deeply buried under drift. It is undoubtedly the old or pre- 
glacial valley of the Mississippi river. Almost as certainly 
is the narrow, new appearing caiion valley which passes St. 
Paul not the pre-glacial trough through which the ancient 
Mississippi held its way. It is in the direct line of continu- 
ation of the Minnesota river valley and may formerly have 
been occupied by that stream. Its great depth below the 
present river level (about 200 feet) seems to place it in the 
category of pre-glacial valleys, but its comparative narrow- 
ness, especially the short distance (about two and one-fourth 
miles) between the known areas where tlie soft Trenton 
shales are in considerable thickness on either side of it, some- 
what negative a reference to .it as the pre-glacial valley of 
the Minnesota river. It is possible that it may yet be shown 
to be inter-glacial in age. 

Disregarding the much narrower valley which enters it 
from the west, the pre-glacial caiion valley of the Mississippi 
river, ends abruptly at the southeastern corner of St. Paul. 
The high upland area which trends north and south on its 
eastern side at some distance from its immediate border, 
continues without a change for many miles to the north 
passing to the east of lake Phalen. Although deeply covered 
with drift, it is undoubtedly based on an upland area of rock. 
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To the west of it, and in the direct line of continuation of 
the old Mississippi valley, there is a topograpliical depref«sion 
which trends for many miles to the northwest. It is occu- 
pied in places by lakes, the most important of which is lake 
Phalen. This, in my opinion, will probably be found to be 
the ancient course of the Mississippi river. That it is the 
position of a pre-glacial valley is indicated by a deep well at 
the St. Paul Harvester Works, situated in the present topo- 
graphical depression, which penetrated rock at 235 feet be- 
neath the surface or 628 feet above the sea, which is 55 feet 
beneath the present low-water level of the Mississippi river 
at St. Paul. The lake Phalen depression is separated from 
thejiead of the Mississippi canon valley by a moraine which 
is evidently based on a comparatively low surface, for it does 
not rise nearly as high as the drift to the east or west. As 
seen from the opposite side of the valley, its escarpment or 
blulf at the head of the old caiion valley shows such topogra- 
phy as is usually produced by the erosion of drift. In short, 
all the evidence favors this lake Phalen depression as the 
position of the pre-glacial continuation of the Mississippi 
canon valley. 

From the southeastern corner of St. Paul to Le Clare in 
Iowa, the Mississippi river is undoubtedly in a pre-glacial 
valley. But as we proceed southward along its course, we 
become more and more strongly impressed with the idea that 
it is relatively too large a stream for its valley^. That is, 
that in comparison w^ith the canon valleys of tributary 
streams, the gorge is proportionally too small. In the vicin- 
ity of Dubuque we find some very definite evidence on this 
point and I will give it in some detail. 

Standing on the high bluff in the city of Dubuque, we look 
beyond the great river to a remarkably even upland plain in 
southwestern Wisconsin and northwestern Illinois. It is the 
Tertiary peneplain and we stand upon its surface. Sev- 
eral miles above the city this dissected upland plain appears 
to approach almost to the very verge of the steep- walled caii- 
on valley, producing bluffs over 250 feet in hight. Directly 
opposite to us, the blutf is but about 160 feet in hight while 
from its summit the land rises by a gradual slope another 100 
feet to the remnant ridges of the Tertiary peneplain one mile 
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or more away from the river. In the northern part of Du- 
buque, several ridges of nearly even hight form a dissected 
plain or terrace at least 100 feet beneath the Tertiary pene- 
plain. They, in conjunction with the 160-foot bluff on the 
east side of the valley, represent the basin valleys of north- 
western Illinois. This basin valley, here not averaging over 
two miles in width, trends from northwest to southeast. It 
sends long narrow arms up the Little Maquoketa and its trib- 
utaries. The canon valley of the Mississippi enters it on its 
northeastern side and passes obliquely across it at Dubuque 
touching its southwestern side, thus again producing a 250- 
foot bluff. Southward from Dubque this basin valley is plain- 
ly discernible as far as the topographical features of the land 
surface can be distinguished. 

Now, the point to which I wish to chiefly attract attention 
is the comparative narrowness of this basin valley. It is carved 
entirely in the Galena limestone, a formation which here is 
substantially identical in every particular with its outcrop- 
ping portions throughout northwestern Illinois. Remembering 
that the basin valleys in the Galena limestone are always pro- 
portional in size to the streams, and making allow^ance for a 
greater depth and therefore naturally less width of the valley 
at Dubuque than others with which it may be compared, we 
will conclude that a stream no larger than the Pecatonica 
river at Freeport was engaged in excavating it. Furthermore 
the distance betw^een the edges of the dissected Tertiary pene- 
plain on either side of the canon valley, a few miles above Du- 
buque, is scarcely sufficient for the basin valley of a stream as 
large as the Pecatonica river. If now we pass down the river 
we shall find this basin valley gradually increasing in width, 
especially where it crosses the Hudson River shales, but no- 
where as large as the basin valley of a stream thrice as large 
as the Pecatonica river. Adopting a sufficient factor, of safe- 
ty, to cover all the possible causes of error in making compar- 
isons, I feel confident in making the following assertion. The 
present course (»f the Mississippi river between Dubuque and 
Le Clare, Iowa, was occupied, up to the close of the epoch 
during which the basin valleys were being eroded (Lafayette?) 
by no stream larger than the present Rock river between 
Rockford and its mouth. 
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Returning now again to Dubuque, we will look at the canon 
valley. Including the buried portion, it has a depth of about 
300 feet and a width at the citj of about one mile, averaging 
one and one-half to two miles from here southward as long as 
it remains on the Galena terrane. Comparing with the canon 
valleys of the Pecatonica and Rock rivers where they are 
trenched into Galena limestone it is seen to be somewhat larg- 
er than that of the former stream but decidedly less in width 
and slightly less in depth than that of the Rock river. Even 
adopting a larger factor of safety we are compelled to conclude 
that the canon valley of the Mississippi, which undoubtedly 
may be included in the same system as those of its tributaries, 
was excavated mainly by a stream decidedly smaller than that 
which now occupies it. Therefore, the inference seems reason- 
able that the origin of the Mississippi river as a large stream 
flowing past Dubuque did not precede the close of the Ozarki- 
an epoch. It is also evident that a divide must have existed 
across the present course, not many scores of miles above Du- 
buque. I have not the data for locating even approximately 
the situation of this divide, but I would suggest that local 
observers search for it somewhere between La Crosse and Prai- 
rie du Chien, particularly where the "military ridge'* is trav- 
ersed by the present river. 

Northward from this supposed divide, the present canon val- 
ley of the Mississippi must have been occupied by a stream 
flowing toward central Minnesota instead of away from it. 
Theoretically this is a strong probability for the following 
reason : Sometime in the later portion of the Cretaceous per- 
iod the Minnesota depression was occupied by the sea. The 
drainage of the land on its eastern side must have been from 
the most distant interior parts directly to and into this sea. 
It is impossible that a southwardly flowing stream in the course 
of the present upper Mississippi could then have existed. Sub- 
sequently, when the sea retreated and the early Tertiary up- 
lift occurred, the water level in the vicinity of the site of St. 
Paul, was not seriously interfered with. But an ** uplift" was 
developed toward the southeast, reaching a maximum near 
Dubuque and thence northeastward into central Wisconsin. 
Had a southeastwardly flowing stream existed on the course 
of the Mississippi previous to the institution of the uplift, it 
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might have maintained its course by more rapid down-cutting 
of its channel than the crest of the **uplift" was elevated. But 
as such a stream did not exist in the Cretaceous period, it is 
not probable that it should have originated later, flowing from 
a flat lowlying plain, through deep valleys across an "uplift."" 
On the contrary, the most natural direction of flowage in sucii 
a stream as that which originated the canon valley of the 
Mississippi along the southeastern border of Minnesota, is 
northward. Slightly corroborative evidence of it is furnished 
by the fact that many of the streams on its western side, north 
of the ''military ridge" enter it from the southwest, instead 
of the northwest as they should in a well balanced drainage 
system. There may, however, have been a different cause for 
this. 

It has been shown that there is sufficient evidence of the 
comparative recency of the Mississippi river as a large stream 
flowing on the western border of the territory of northwestern 
Illinois, to warrant us in considering its origin as not earlier 
than a late portion of the Ozarkian epoch. This brings it so 
close to the Kansan epoch that it does not require a great 
stretch of the imagination to consider it as having resulted 
from the disturbance of other drainage systems by the accu- 
mulating northern ice. For instance, it is quite possible that 
the Kansan ice-sheet had advanced across the outlet of the 
supposed northwardly flowing ancestor of the upper Missis- 
sippi river, obstructing its flowage, and after the production 
of a great extra-glacial lake, turning the drainage of the en- 
tire region over the lowest point on the divide w^hich inter- 
vened between it and the head waters of the southwardly 
flowing ancestor of the central Mississippi river, long before 
it glaciated the country south of the " drif tless area." 

The present bluifs of the Mississippi caiion valley have 
been eroded by the ''larger Mississippi," and have an appear- 
ance of greater youth than those of its tributary canon val- 
leys. This is finely illustrated on the east side of the valley 
near Dubuque. The bluff of the great canon is straight, and 
often precipitous, always rocky, and nearly free from timber. 
The blutfs of the small tributary valleys are timbered slopes, 
always steep, but rarely bare precipices. Southward from 
Dubuque, the canon valley has been widened in places so as 
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to almost equal the width of the basin valley, nearly obliter- 
ating it. In Whiteside county, Illinois, the upland ridges 
which constitute the dissected Tertiary peneplain, extend to 
the verge of the great canon valley, forming so-called ''200- 
foot bluffs." The intervening basin valleys where they are 
transected by the Mississippi valley, form "100-foot bluffs." 
This indicates great widening of the canon valley by a stream 
vastly hirger than that which channeled the basin valley. 
Evidence of this class is abundant throughout the stream's 
course between Dubuque and Le Clare. Being quite familiar 
with the characteristics of the valleys eastward from the great 
river, I have never yet come upon its canon valley without 
being impressed with its general appearance of greater youth 
than others of apparently the same system. 

In concluding these remarks on the age of the "larger Mis- 
sissippi" river, I wish to repeat, firstly, that I am certain that 
it cannot be earlier than the opening of the Ozarkian or post- 
Lafayette epoch of erosion ; secondly, that there is evidence 
to indicate that it did not exist until near the end of the 
Ozarkian epoch; thirdly, that since the large or present 
Mississippi river began to flow in the canon valley on the 
western border of northwestern Illinois, it has widened it 
somewhat, giving it the appearance of greater youth than 
others of the same system ; fourthly, that the relation of this 
newly eroded valley to the Kansas drift below Savanna indi- 
cates that the " larger Mississippi " had come into existence 
before the Kansan glaciation of western Illinois and south- 
eastern Iowa; and lastly, tliat, while the cause of the creation 
of the "larger Mississippi" may have been an uplift of the 
northern portion of the Mississippi basin, it is just as probable 
that it was due to obstruction of a northern drainage system 
by the accumulating Kansan ice. 



EDITORIAL COMMENT. 



Recent Estimates of Geological Time. 

In an address June 3d at the annual meeting of the Victo- 
ria Institute, in London, Lord Kelvin estimated the age of 
the earth, since it was sufficiently cooled to become the abode 
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of plants and animalg, to be about 20,000,000 years, with- 
in limits of error perhaps ranging between 15,000,000 and 
80,000,000 years. Again, in the Toronto meeting of the Brit- 
ish Association, he has more recently expressed the same opin- 
ion, which indeed he reached many years ago from his inves- 
tigations of the rates of secular cooling of the earth and the 
sun. This estimate, nearly agreeing with another by Clarence 
King from similar physical data, has generally been regarded 
by geologists as too short for the processes of sedimentation 
and erosion, and for the evolution of floras and faunas, of 
which the earth's strata bear record. More probably, as ra- 
tios and computations by Dana, Walcott, and other geologists, 
somewhat harmoniously indicate, the durati(»n of time since 
the beginning of life on the earth has been some three to five 
times longer than Kelvin's estimate, or from sixty to a hun- 
dred million years. 

The larger figures imply for the dawn of life, to the devel- 
opment of the Cambrian and Silurian faunas, probably 
50.000,000 years; thence to the end of Paleozoic time, perhaps 
30,000,000 years; onward through Mesozoic time, about 
15,000,000 years : and through the Tertiary era, about 5,000- 
000 years. The comparatively very short Quaternary era, hav- 
ing, in its organic evolution, as shown by the marine mollus- 
ca, no higher ratio to Tertiary time than 1:50, may therefore 
have occupied only about 100,000 years. 

With these ratios in mind, the reader of the last number of 
the Journal of Geology is surprised to find, in an article by 
Mr. F. B. Taylor, the very large estimate of 75,000 to 150,000 
years for the formation of the series of terminal moraines 
amassed by our continental ice-sheet at times of halt or re- 
advance interrupting its final retreat between Cincinnati and 
the strait of Mackinac. But, according to the ratios of 
the several stages or epochs of the Glacial period, well deter- 
mined by Chamberlin, Leverett, Calvin, Bain, and others, the 
Wisconsin epoch, during which these moraines were formed, 
was no more than a tenth or twentieth part of the whole 
Ice age. 

It seems needful, therefore, to look for other explanations 
of the regular recurrence of morainic accumulation, whereby 
it may have taken place at much shorter intervals than those 
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assigned by Mr. Taylor, under his modification of Dr. James 
CrolTs astronomic theory. A better explanation, as the pres- 
ent writer believes and endeavored to show in the last June 
number of this magazine, is through the effect of englacial 
and superglacial drift, as was first suggested by Russell and 
Woodworth, causing much marginal drift deposition at re- 
curring stages of the glacial recession, even without any sec- 
ular climatic changes. w. u. 

The State Geologist op Missouri. 

Referring to our note in the September Geologist on the 
"Missouri Geological Survey," we append herewith further ev- 
idence of the magnitude of the revolution effected by tlie man- 
aging board. We have to apologize to the geologists of the 
country for disturbing their sensibilities further with this 
subject, but wish to give them the best of the case on both 
sides. N. H. w. 

Jefferson City, Mo., Sept. 16. 1897. 
Editor ^* American Geologist ^^^ 

Minneapolis, Minnesota. 

Dear Sir : — In your September issue, under the head of editorial 
comment, appears a characteristic wail. Having just now no other 
available defense against such cowardly thrusts, I enclose copy of ray 
letter to Mr. Chamberlain of the ** Journal of Geologj'." 

You and he have alike demonstrated how recklessly an "oracle" of 
human duplicity can prostitute the function of a so-called scientific 
journal. While your article is not quite so rabid, having been inspired 
by a different "reliable informer,'' it is quite as cowardly as his and for 
that reason the enclosed letter will not be a total misfit for you. 

It is my function to unfold and display the Geology of Missouri so 
vividly that the tax-payers will be the beneficiaries. Notwithstanding 
your slanderous insinuations, a great many good people seem to think 
that I am eminently qualified for that work. Anticipating that your 
final resort will be that of the knave whose mouth went oflp before his 
brain acted, I am ready to forgive, but I shall always think that if you 
had held one thin streak of true manhood in you, you would have waited 
until my first report was published and then have judged of my ability 
as compared with that of my predecessors. 

On the other hand, truth is always logical and simple when you have 
found it. Being not entirely without personal ambition, I am thankful 
to ail who helped me into this position and I trust that in the end I 
shall have reason to feel thankful even to you for a persistent but impo- 
tent effort to throttle truth with your jjartisan wail. 

Respectfully, 

[EncloHure.] Jno. A. Gallaher, State Ocologist. 
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Jefferson City, Mo., Sept. 15, 1897. 

Mr. Chamberlain, Editor ^^ Journal of Geology ^^^ 

Chicago, Illinois. 

Dear Sir: — A malicious article in your issue for July and August 
under the head of editorials, has recently fallen under my eye. I sent 
the paper to a friend without noting your initials or street, but trust 
this will reach you. 

Primarily, truth is the only objective of science. Since you have ig 
nored truth entirely in your one-sided editorial, just as your client has 
ignored fundamental facts and definite knowledge in his so-called Geo- 
logical Survey of Missouri, I will say to you that notwithstanding your 
scurillous attack I am still here and ready to cope with either of you on 
any scientific question. As a partisan, a slanderer or a liar, I cannot 
hope to compete with you successfully. But on scientific questions, I 
am always ready for you. 

While your client is on record, in his so-called Greological Reports of 
Iowa and Missouri, and you are on record as his willing champion, the 
cmly favor I ask is that you j)er8evere until you get all of your kind com- 
mitted . Should you escape the criminal prosecution you so richly de- 
serve for malicious libel and coyotes will count, I shall hope to get be- 
fore the public, ere long, with scalps enough to make myself solid with 
the tax-payers of Missouri. 

The present broad-minded Board gave your friend a fair opportunity 
to get out of Missouri without exposing his incompetency. He failed 
to utilize the opportunity and the office had to be declared vacant. He 
left his tracks, not only in his reports, but in Kansas City, St. Joseph 
and finally in your contemptible editorial. Now if it should transpire, 
despite your partisan efifort, that Missouri has eliminated an incubus, a 
parasite or a ^'scientific" fraud, it will not be the first instance wherein 
a supercilious parasite has unwittingly dug his own grave. It remains 
for an unbiased public to determine whether or not you and he have 
earned that logical fate. 

I will now remind you that **every dog has his day.*' This is my day 
and the time is not far distant when your client will wish he had carried 
his tracks along with him. That you and he have run up against the 
wrong man, is only a question of time. You can make the most of your 
opportunity and I will pursue the even tenor of my way. 

I am, Sir, 

Jno. a. Gallaher, State Geologist, 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Iow(t Geological Survey^ Volume VI: Report on Lead, Zinc, Artesian 
Wells, etc. Samuel Calvin, State Geologist. Pages 487, with 28 
plates and 57 figures in the text. Des Moines, 1897. This volume com- 
prises four papers, as follows : Lead and Zinc Deposits of Iowa, in 58 
pages, by A. G. Leonard ; The Sioux Quartzite and certain Associated 
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Rocks, in 56 pages, by Samuel Walker Beyer : Artesian Wells of Iowa, 
in 31t) pages, by William Harmon Norton : and Relations of the Wis- 
consin and Kansan Drift Sheets in Central Iowa, and Related Phenom- 
ena, in 48 pages, by H. Foster Bain. 

Prof. Laonard describes the mines of Dubuque, Clayton, and Allam- 
akee counties, in northeastern Iowa, on the west border of the Upper 
Mississippi lead and zinc district. The ores are galena, smithsonite, 
and sphalerite, occuring in crevices of the Galena limestone. The ore 
concentration is attributed to lateral secretion from the limestone by 
infiltrating surface waters ; and the original source of the ores, as Whit- 
ney long ago suggested, is held to have been the ancient sea, at whose 
bottom the limestone was formed, the sea itself having received its me- 
tallic salts from the decay of the Archcan rocks. 

The Sioux quartzite. described by Dr. Beyer, extends only one or two 
miles into the northwest corner of Iowa, so far as it is seen in outcrops. 
The localities here chiefly described are between six and fifteen miles 
farther north, in Minnehaha county. South Dakota, where the quartzite 
is succeeded above by thinly bedded quartz-slates, which vary in texture 
from tine grained homogeneous "pipestone" to argillaceous quartzite. 
An extensive mass of diabase, which is thought to have been intruded 
between bedding planes of the slates, is exposed along a distance of 
about a mile in the valley of Split Rock creek; and the author presents 
the results of his study of its mineral composition and alteration 
products. 

The artesian field of Iowa is shown by Prof. Norton to be a part of a 
much larger basin which reaches southward into Missouri and eastward 
into Illinois. Its main area of intake from rains is on the north, where 
the St. Croix and St. Peter sandstones outcrop in the southern parts of 
Wisconsin and Minnesota. The altitudes to which the artesian flows 
rise have a somewhat regular gradient from 1200 feet above the sea in 
northwestern Iowa to 700 feet in its southeastern part. Records of the 
Iowa wells, and details of their relations to the stratigraphy of the re- 
gion, are followed by a discussion of the chemistry of artesian waters, 
notes of their use as a public supply, and a bibliography for the state. 
This is a very thorough and admirable memoir, which will be of great 
value as a guide to the further development of the artesian water supply. 

In the last paper of the volume Mr. Bain gives results of his studies 
of the glacial drift in central Iowa, includiug tke southern end of the 
Minnesota and Iowa lobe of the ice-sheet in its Wisconsin or moraine- 
forming stage. A synopsis of the successive stages of the Glacial periwl, 
as recognized in Iowa by Prof. Calvin, appeared in the last April num- 
ber of this magazine (pages 270-272), and Mr. Bain here discusses the 
ratios of these stages. He agrees substantially with the ratios published 
by Prof. Chamberlin a year ago in the Journal of Greology (vol. iv, pp. 
872-876). Prof. N. H. Winchell's estimate of the Postglacial period as 
7,800 years, based on the recession of St. Anthony's falls, is accepted ; 
but for the previous time of retreat of the ice-sheet from Des Moines 
to Minneapolis an undetermined addition is required. This duration 
since the maximum extension of the Wisconsin ice-sheet is thought to 
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be only a tenth or fifteenth part of the time since the more extensive 
Kansan glaciation, which itself had an uncstimated duration and was 
preceded by the still less known Aftonian and Albertan stages, w. u. 

Geology of Johnson County. By Samuel Calvin. From Iowa Ge- 
ological Survey, vol. vii (Annual Report for 1897), pp. 33-11(5, with two 
maps, two plates, and ten figures in the text. Silurian, Devoninn. and 
Carboniferous formations, with overlying Kansan and lowan drift and 
loess, form this county, lying in the southeast part of Iowa. Its largest 
town, Iowa City, was the first capital of Iowa, and is the seat of the state 
university. 

At the State Quarry, worked for the new capitol at Des Moines, it is 
found probable that the heavy -bedded limestone of the quarry is of Up- 
per Devonian age, being of small area and deposited in a deeply eroded 
hollow of the adjoining Cedar Valley limestone, of Middle Devonian age. 
Both formations are nearly horizontal, but between their times of depo- 
sition the sea bed here appears to have been temporarily elevated to be 
dry land channelled by streams. 

The Kansan till was much eroded, and became superficially oxidized, 
while its carbonate of lime near the surface was removed by the growth 
of plants and the leaching effect of percolating water, and its granite 
boulders suffered decay, before the much later lowan stage of re-advance 
of the ice-sheet. The lowan till has undergone none of these changes, 
showing that its age is far more recent. Of this later till Prof. Calvin 
writes: ^'Oxidation is not more marked at the surface than in the deep- 
er parts of the deposit. Calcareous matter is about as abundant at the 
grass roots as it is ten feet lower down. The bowlders are sound and 
hard, showing no signs of decay." The lobate border of the lowan drift 
is marked by moraine hills which rise 40 to 80 feet above the general 
level of the contiguous plain. Southward the loess, derived from the 
melting lowan ice sheet, overspreads the Kansan drift. It also occurs 
in ridges, called by McGee paha, within the area of the lowan till, these 
being of similar origin as the sand and gravel eskers of other regions. 

The drift deposits of Johnson county vary greatly in depth, and their 
maximum exceeds 250 feet. The very irregular surface which had been 
produced by a period of erosion immediately preceding the earliest gla- 
ciation was changed by the deposition of the drift, so that it is now 
mostly a moderately undulating or nearly level expanse, only rarely 
broken by projecting preglacial hilltops. 

Following the geological report. Prof. T. H. Macbride gives a list of 
the forest trees of the county: and Dr. C. R. Eastman contributes an 
important preliminary report of eight pages, with a plate, on the Devon- 
ian lung-fishes whose teeth occur in great abundance in a bed of the 
State Quarry. w. u. 

.4 Treatise on Rocks, Rock-weathering and Soils. By Geoboe. P. 
Merrill. (8vo, xx and 411 pp., 25 pis. and 42 figs.; New York, The 
Macmillan Co., 1897. Price $4.00.) The first two parts of the book com- 
prising 172 pages, are devoted to a discussion of the rock-forming min- 
erals and of rocks, including their classification and general character- 
istics. While the author states that this work is to be considered in no 
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sense a petrology, the pages devoted to rocks being regarded as a neces 
sary introduction to that part of the b(X)k which deals with rock-weath- 
ering, still it seems that much more space is given to the discussion of 
the origin, structure and classfication of rocks than is essential for the 
purposes of a correct understanding of the processes and results of 
weathering. At the same time this petrological part of the work will 
be of assistance to many students who desire a brief introduction to the 
study of rocks and who cannot use and appreciate the larger treatises 
of Rosenbusch and Zirkel. 

Part III begins with a consideration of the principles involved in rock- 
weathering and this is followed by a discussion of special cases. Here the 
chemical composition of a number of fresh and partially or completely 
weathered rocks is given, the different analyses of each rock being made 
from exposures which show the fresh and decayed rock immediately asso- 
ciated. Many of the analyses were made by the author, or under his di- 
rection, from material collected by himself with the special object of the 
book in mind. The value of these analyses for the work in hand is thus 
apparent. It becomes a matter of some importance in studying these 
analyses to determine the percentages of the various parts of the rocks 
lost by solution in the process of weathering. In order to attain a basis 
for the calculations a certain chemical component of the rock is assum- 
ed to have remained undissolved in the weathering process. The com- 
ponent thus taken is usually alumina (AI2O3), but in some cases iron 
sesquioxide (Fe203) is found to remain practically undissolved. In lime- 
stones the silica is thought to remain constant. With such a basis to 
start on the relative amounts of the various components lost is readily 
calculated. 

Part IV is devoted to transportation and redeposition of rock debris, 
and part V to a discussion of the regolith., a term applied to the earth's 
mantle of unconsolidated material. Here is included a discussion, with 
many analyses, of the chemical nature and the various properties of dif- 
ferent kinds of soils. u. s. g. 



CORRESPONDENCE. 



Origin of the Loess. In the September number of the American 
Geologist I find it reported that in my paper on the origin of the loess, 
presented at the meeting of the Geol. Soc. of America in Detroit, I 
** took the wide view of the loess, including in it all forms and conditions 
of this material — that in the river valleys and that at all altitudes— and 
maintained that it was all due to wind-action and was an accumulation 
of dust carried in the atmosphere." In the paper referred to, the fol- 
lowing statement was made: *' The waters of these rivers (the larger 
drainage channels of the loess region) may have added a part of the ma- 
terial (of the loess) in some places along their courses. This is indicated 
by occasional stratified phases of the loess in such places.'' 

I also find it stated that I should have '*argued that its (the loess') 
lack of assortment was conclusive proof that it was not of aqueous ori- 
gin." What I said with regard to this was the following : *'An aqueous 
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cloiK)8it, spread over hundreds of miles of a broken topoj^raphy and 
reaching a thicknesa of a hundred feet, could not very well be as uni- 
form in its mechanical comiKDsition as the loess is. It would more fre- 
quently contain coarser materials. In particular it seems improbable 
that a water deposit, as fine as the loess, should be without thin seams 
of fine silt, such as are generally to be observed in aqueous Pediments. 
These are more or less conspicuously laminated. In a (fine) wind sedi- 
ment on the other hand such a sorting and lamination is impossible, 
owing to the smallness of each sorted load, to the less constancy of the 
depositing current, and to disturbing agencies which are at work thor- 
oughly mingling successive deposits on the surface of the land." 

I appreciate the difficulties attending the reporting of all the papers 
presented at such a meeting, especially when the reporter merely hears 
the papers read once and has no opportunity himself to see the manu- 
scripts. The above correction is cht^erfully made. 

Respectfully, J. A. Udden. 

Rock Island, HI., Sept. 17th, 1897. 

Toronto Meeting of the British Association for the Advance- 
ment OF Science. The presidential address of Dr. G. M. Dawson to the 
section of geology dealt with the recent progress in our knowledge of 
the crystalline rocks of Canada. He referred to the establishment of 
the doctrine that the greater part of the Huronian beds were of volcan- 
ic origin. In his view the Laurentian fundamental gneiss existed orig- 
inally as the floor on which the Huronian was deposited. The Gren- 
ville series has been shown by analysis to consist of the same material 
in ultimate composition as the Paleozoic argillites and is probably meta- 
raorphic, while the anorthosite group is found to consist essentially of 
intrusive rock, often folded, later in date than the Grenville series, but 
probably pre-Paleozoic. 

The same structure prevails in New Brunswick and there the funda- 
mental gneiss is in contact with a series of limestones, quartzites, and 
gneissic rocks, precisely like those of the Grenville series. All these are 
unconformable beneath fossiliferous beds, regarded by Matthew as old- 
er than Cambrian. The same is true of the Cordilieran region. 

The speaker then passed on to the consideration of the base of the 
Cambrian svBtem and the range of the term "Paleozoic." The former 
is at present arl)itrary and paleontological, and the latter is now extend- 
ed by some to include all fossiliferous strata downward. 

In both these respects ho expressed doubts regarding the possibility 
of maintaining this practice as the field grew wider. *'On the Atlantic 
side the Olenellus zone is a fairly well marked bast? for the Cambrian; 
on that of the Pacific it is found naturally to succeed a great consecu- 
tive and conformable series of sediment whose more ancient fauna is 
only now beginning to be known." 

Dr. H. M. Ami discussed the little known formations and faunas of 
(3rd()vician age in New Brunswick and Nova Scotia and after attempt- 
ing the subdision of these formations by their faunas, he essayed their 
paralellism with their taxonomic equivalents in Europe. The Devonian 
and Carboniferous systems were treated in like manner. 
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Dr. Ami also read a paper by Dr. G. F. Matthew on the distribution 
of certain species in the Cambrian rocks. The author stated that Ba- 
thynriscus, a Middle Cambrian genus in Montana and Nevada occurred 
with Olenellus in eastern North America and is very closely allied to Do- 
lichovietopuH of the upper ParadoxidcH bed of Sweden and eastern Can- 
ada. With it occurs Dorypyge, a Middle Cambrian form in Montana., 
but also found in the OlenelluH beds of eastern North America. Micro- 
diHvns ranges from the Olenellus fauna to the upper Paradoxiihs bed. 
AgnostuH in the two forms l(rvigati and bi^vifrontes also ranges from 
the Olenellus to the upper Paradoa>ides horizon. 

**It is difficult/* said Dr. Matthew *'to understand how Olenellus can 
be at the base of the Cambrian and yet be found in the company of so 
many forms of the Middle Cambrian fauna." 

Dr. Ami also read a paper by Mgr. Luflamme of the Laval university 
on the displacement of the river St. Anne in Quebec by the great land- 
slide of April, 1894. 

Prince Krapotkine presented a paper on the *'Asar of Finland," writ- 
ten he said when he was confined in a St. Petersburgh prison in 1871 
and 1876 and left behind him when he escaped. He only received it re- 
cently through the intervention of the Russian Greographical Society. 

In the absence of its author the paper by Dr. C'halmers on the pre- 
glacial decay of rocks in eastern Canada, was read by title. We under- 
stand that its purport was to point out instances in which weathered 
rocks of various dates are buried under boulder clay and so preserved. 

Mr. Coleman discussed the interglacial beds of the Don valley and 
Scarborough Hights. In the former section is seen a lowest till lying 
on Ordovician shale (Hudson River). Then follow eighteen feet of sand 
and clay with mussel and other shells, leaves and pieces of wood. Some 
of the former are of species now found farther south. Above this is a 
stratified clay and sand from which have been obtained a caribou horn 
and some remains of insects and plants belonging to a colder climate 
than the present. This is best seen at Scarborough Hights where it 
rises 148 feet above the water. 

These beds were deeply eroded before the next till was laid down up- 
on them and above this follows another series of fossiliferous interglacial 
beds to a hight of 240 feet and over these is a third till. 

During the deposition of the middle and upper till the water stood 
from 260 to 300 feet al>ove the present level of lake Ontario. 

Mr. Ba>ley Willis spoke on the drift of Puget sound. On the slopes 
of the Cascade range drift deposits occur, he said, up to 1700 feet above 
the sea. The materials are largely granite but numerous erratics of 
Tertiary volcanic rocks indicate Mt. Tacoma as their place of origin. 

Prof. T. C. Cbamberlin discussed at considerable length several hy- 
p()th('808 bearing on climatic change, atmospheric conditions, and also 
the succession of ice-sheets in the Pleistocene. 

Mr. H. B. Wtxjdward spoke on the English chalky boulder-clay and 
Dr. Spencer on the continental elevation of the glacial era. 

I*aper8 were also presented by Prof. C. H. Hitchcock on the southern 
lobe of the Laurentian ice-sheet, and Prof. Shaler on the origin of 
drumlius. 
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ON STREPTELASMA PROFUNDUM (Owen) 

S. CORNICULUM Hall. 

By F. W. Sardeson, University of Minnesota. 
(Plates XVI and XVII.) 

Twelve species of the genus Streptelasma have been describ- 
ed in America, from the Trenton and Hudson stages and in 
addition three species from the Hudson stage, which have 
been referred to the genus Zaphrentis. It is evident, however, 
upon investigation of several of these species, that they are 
synonyms only. There is apparently but one true species among 
the fifteen. I say apparently because I have not sufficiently au- 
thentic specimens of some of them to enable me to prove be- 
yond doubt that only one true species is represented among 
the fifteen described as distinct. My collection contains sev- 
eral iit least of the proposed species and without exception 
the ascribed distinctions between them, when studied, prove 
to be imaginary or not valid. The one species, S, profundum 
(Owen), which is known currently as S, corniculuvi Hall, when 
fully investigated shows all the characters which have been 
regarded as the distinctive characters of any one of the other 
fourteen supposed species, and there remains no good reason 
for assuming that more than one species is represented among 
them. If more than one is represented, it is too poorly describ- 
ed for recognition at this time and it is not evident in any of 
the specimens in my possession. Even two more species com- 
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posing the genus PalcBophyllum demand admission to this long 
list of synonyms, since they are evidently based upon mistak- 
en distinctions. 

The little known Streptelosma expansum Hall is technically 
the type of the genus, but S, corniculam Hall as described by 
Edwards and Haime has been virtually the type species, and 
both of them are not yet distinguished from an older named 
species S, profundum (Owen). With very little doubt they 
are synonyms and S, profundum would therefore be the name 
of the type species. 

Since first described, 8, expansum Hall has remained a 
nearly unknown species. There has likewise always been doubt 
as to the true nature of the species S, corniculum Hall. No 
one could have recognized S, profundum (Owen) had there 
been an associated species. S, corniculum as described by 
Edwards and Haime, by Kunth and by Nicholson was the S. 
rusticum Billings, and not S, corniculum Hall. Not improb- 
ably the meagre descriptions and imperfect knowledge of 
these corals is all that has kept them from being recognized 
from the beginning as synonyms. The same cause has evi- 
dently permitted the coinage recently of even more of these 
species. 

James Hall in 1847 described several species, viz. : Slrepte- 
lastna profundum (Owen) Hall, S, cornicxdum Hall, 8, eras- 
sum Hall, 8, mult ilamello sum Hall, 8. parvulum Hall, and 
8. expansum Hall, but Edwards and Haime (1851) in their 
great monograph recognized only 8, corniculum and reduced 
8, crassum^ 8. multilamellosum and 8, parvulum to the rank 
of synonyms. 8treptelasma expansum Hall and 8, j^rofun- 
dum Hall they reported as doubtful. Billings (1857) on the 
contrary aimed to recognize all the above named and later 
made more of them, 8, rusticum (Bill.) in 1858, and 8. aper- 
tum (Bill.) and 8. angulatum (Bill.) in 1862, besides Palao- 
phyllum rugosum Bill, in 1858. 

Nicholson (1875-89) has followed the example of the great 
authore, Edwards and Haime, except that he described Fala^- 
ophyllum dfcaricans Nich., 1875. Recently E.O. Ulrich(1893) 
has made two more species, 8. parasiticum Ulrich, and 8, 
breve Ulrich. Winchell and Schuchert distinguish 8, pro- 
ffindum^ 8. corniculum and 8. rusticum besides admitting Ul- 
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rich's species. More recently Whiteaves has described S. 
rohustum (1897). 

Zirphrentis canadensis Billings (1862), Z, affinis Bill, and 
Z, beUistriata Bill. (1865) are especially noteworthy species 
since Eastman in his translation of Zittel substitutes the 
name Z, canadensis Bill, for S, corniculnm Hall, without how- 
ever reducing the genus Streptelasyna to a synonym for Zaph- 
rentis which, if his identification is true as it evidently is, 
must follow. Rominger has already shown that the two gen- 
era are not clearly separable.* James Hall retains it as a 
subgenus of Zaphrentis,\ 

From investigation it appears that some of the most im- 
portant characters as well as unimportant ones that may be 
seen in S, fjrofundum, have been misunderstood or overlooked 
and an account of my own observations is therefore presented 
here in order to re-affirm the facts or add others to the know- 
ledge of these corals. 

STREPTELASMA PROFUNDUM Owen sp. 

Cyathophyllum profnndum Owen (1844) Geological Exploration of 
Iowa, Wisconsin and Illinois, pi. 16, f. 5. 

**Lower lead-bearing beds*' i. e. Beloit formation, or Black River. 

Streptelasma expansa Hall (1847) Pal. New York, vol. 1, p. 17, pi. 4, 
f.1)a-b. Chazy formation. 

Streptelasma profunda Hall (1847) Pal. New York, vol. 1, p. 49, pi. 
12, f . 4a-d. 

Streptelasma cornicula Hall (1847) Pal. New York, vol. 1, p. (30, pi. 
25, f . la-e. Trenton limestone. 

Streptelasma crassa Hall (1847) Pal. New York, vol. 1, p. 70, pi. 25 
f . 2a-c. • 

Streptelasma miiltilamellosa Hall (1847) Pal. New York, vol. 1, p. 70 
pi. 25,f. 3ac 

Streptelasma parvula Hall (1847) Pal. New York, vol. 1, p. 71, pi. 25, 
f. 4a-c. Trenton limestone. 

Streptelasma corniculum Edwards and Haime (1851) Polypiers fossiles 
p. 398, pi. 7, f. 4. 

Streptelasma cornicula Billings (1857) Canadian Nat. and Geol., vol. 
1, p. 122, f. 3-4. Trenton limestone. 

Streptelasma profunda Billings (1857) Canadian Nat. and Greol. vol. 
1, p. 123, f. 7, 8. Black River to Trenton formation. 

Petraia rnstica Billings (1858) Rep. Progress Geol. Sur. Canada for 
1857, p. 108. Hudson River group. 

♦Fobs. Corals, p. 140. 
tPal. N. York, vol. 6, p. xi. 
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Palmophylluvi. i-Uf/rtsuut BillinKa (1858) Bep. ProKreseGeol. Sur. Can- 
ada for 1857, p. 168. Trenton limestone. 

Petritia aiterta BillingB (1862) Pa!(eoztiic PosB., vol. 1, p. 109, t. 89, 
Black River formation. 

PetniM iinuulata BillinKB(1862) Paleozoic Pohb., vol. 1, p. l(X% f. 80. 
Hudson River group. 

Petraia caiiaihnsiii Billings (1863) Geol. Cnnada, p. 208, t. 2(Kt. 

ZaphrenttH canadensin Billings (1862) Palceozoic Fose., vol. 1, [>. 105, 
f. 9.3. Hudson River group. 

Pelrtiia eornicula BitliDgs |18G3) Oeol. Canada, p. 150. f. 118. 

ZaphrenlU afflnis BillingB '1865) Ctkoadian Nat. and Geol., vol. 2, p. 
430. Hudson River group. 

Zaylirentin Mlialriala Billings (1865) CuDadian Nat. and Geol., vol. 
S, p 4% Hudson River gioup 

Stn-ptelfisiiia ctiriiieuluiit Nicholson (1875) Pal. OntHrio. p. 12. 26. 

Stieptelanma cnrmciilum Nicholeoo (1875) Pal. Ohio, vol.2, p. 218, 
Cincinnati group 

Pnlieophyllaiii dtvnnra-ii Nieholson (1875) Pal. Ohio, vol. 2. p. 220, 
pi 21', f 10, 10a, 10b Cincinnati group 

Slreplelumna ciiniu-ulum Roonnger (1876) FoBsil Corals Michiguii. 
p. 142, pi. 51, f, 1, 2. HudBon River group. 

Slreptelit«ma curnicidum Hall (1882) 11th Rep. Geol, Sur. Indiana, p. 
.176, pi. 51, r. 2 4. CiDcinnati group. 

Streptelamna eoi-iiiru[nm Nicholsc'D (1889) Manuel Pal., vol. 1. p. 247, 
r. 127B: p. 278, 279, t. 156 AB; p. 280, f. 157; p. 297, t. 178. Cincinnati 
group. 

Streptelasma coitiKuluin Keyes (1894) MiBsouri Geol. Sur, Rep, vol. 
4, p. 117, pi. 13, f. 9. Trenton. 

Slrepfelamiia eoraieiilum Zitte! (1892) Grundzuege d, Pal^ontol. f. 
Ill, p. 71, (arter Nicholeun). 

Zaphrentis canudentu Zittel-Eaatmaa (1897) Textbook at Palceontol- 
ogy, f. Ill, p. 75, (same flgurea aalast). 

Stivplelusma pro/nndum Winchell and Schuchert (189-1) Final Rep. 
Geol. Nat, Hist. Sur. Minnesota, vol. 3, p. 88, pi, G, r. 17-19, Black 
River and HirdBcye. 

Streptelasmu pnraaiticum Ulrich (1893) Final Rep. Geol. Nat. Hist. 
Sur. Minnesota, vol. .3, p, 89, f, 6, Trenton shales, 

SIreptelasma ainiicitlnm Winchell and Schuchert 1189-3) Final Rep. 
Geol. Nat. Hist, Sur. Minnesota, vol. 3, p, 02. f. 7, Galena nbalen (Tren- 

Stri'ptekxma hrerp Utiich I1893| Final Rep. Geo). Nat. Hist, Sur. 
Minnesota, vol. 3, p, 92, f. 7. Galenu shales. 

Slreptelaxmii ruxticum Winchell and Schuchert (1893) Final Ri'p. 
Geol. Nat. Hist, Sur. Minnesota, p. 93, pi. G. f, 22, 23. Hudson River 
group. 

StifpMitiimit riAiuiifiiiu Whiteaves (1896) Canadian Record Sci., vol, 
6, p. .391; (1397) PaljBozoic Fobs. vol. 3, p. 153, pi, 18, f, 1. 
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The first good description of the species is that by Edwards 
and Haime. Their specimens were from the upper part of the 
Cincinnati stage (Hudson stage) of Ohio and therefore the 
largest of the species — the same as Billings called ^S. rusticmu. 
They are described as long conical, gently curved and partly 
attached by the apex. The beginning is a small point, from 
which the single cell or cup expands, curving gently, though 
most strongly during the first growth. The wall is marked 
by fine lines of growth. The septa are about 130 in number, 
sublamellar, alternatingly a little unequal, generally straight, 
and laterally striated. One dorsal line and two lateral lines 
are marked by the obliquity of the neighboring septa to them 
and these coincide with the primary septa. The septal fosette 
is small and lies on the convex side. 

Billings (op. cit. p. 123) says that the "growth of these 
corals appears to have been as follows: At first they consist 
of a mere point attached to' the rock, when the cup commenc- 
ed to form there were only four partitions or lamelhe, as it 
increased others were added, three of the original ones contin- 
uing to grow and the fourth being undeveloped." The fourth 
one is developed however, though it is not marked ott' by the 
obliquity of other lamellae, which has been proved by Kunth, 
who has described extensive observations on the Tetracoralla. 
The development of the septa as described by Kunth will be 
considered in detail further on. 

A comparison of the geologically older with the younger 
representatives of the species — for example the specimens from 
the Beloit formation of Wisconsin with others from Richmond, 
Indiana — brings into contrast the average smaller size of the 
former specimens, but the difference is one which is indica- 
tive of a longevity of the latter as compared to the former, and 
not of any varietal difference. Both developed alike except 
that the latter grew longer and evidently lived longer. The 
corallum begins as a mere point, rapidly expands into a con- 
ical cup, increasing in diameter to a certain stage, after which 
it continues in length almost without increase or even with 
diminishing diameter. The rapidly expanding portion is, as 
Edwards and Haime said, the more curved, and it represents 
the period of increasing numbers of septa. Except in the later 
representatives, those of the Hudson period, the little curved. 
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diminishing or scarcely expanding, senile stage was not at- 
tained. In several hundred specimens from the Beloit forma- 
tion and the lower Galena formation, the greater number are 
mere apices in size, many arc half grown and none appear to 
be senile. From the Hudson strata at Richmond, Indiana, I 
have collected few small specimens but many mature and sen- 
ile ones. In the Maquoketa (Hudson) stage of Minnesota are 
few small, many mature, and few senile individuals. But their 
growth is alike in other respects. 

The rate of expansion from the apex is variable in any one 
individual and hence also in many as compared to each other. 
The curvature likewise varies from strongly curved to straight, 
gentle curvature being the average. (See figs. 1 and 2, pi. XVI.) 
They have rarely even a reverse or again a spiral curvature. 
It has been asserted by Winchell and Schuchert that the ear- 
liest representatives (S, prof un (him) are less curved than their 
successors (S, corniculum) but nevertheless one sees that the 
curvature is variable in all to the same degree. Thus, too, the 
rate of expansion from the apex is alike inconstant in any 
group of them. Ulrich's S, breve is indeed extremely obtuse 
and straight, but one finds every gradation to the extreme op- 
posite of it. 8, apertum Billings may well be considered the 
same kind of "species" as S. breve, being distinguished like 
it only by a supposed diiference in external form. 

'The transverse section is nearly circular. Not rarely, how- 
ever, the cardinal or convex side is sub-angular, and even lat- 
eral angles appear, these being rarely not accompanied by the 
anterior one. All are developed mainly on the rapidly expand- 
ing, strongest curved part of the corallum and each coincides 
with a primary septum. Several small specimens from Rich- 
mond, Indiana (S, rusticum) show the anterior keel strongly 
developed, and are not distinguishable therefore from Billings' 
proposed species S, anyulntum, of which he tells us but little, 
however. Examples of the same age (S, rusticum) in Minn- 
esota show the angularity best and oftenest, but earlier ones 
[S, cornicnlum, S. profuiuhnn) have developed the same in a 
few individuals. S. robastum Whiteaves shows this feature 

too. 

Winchell and Schuchert have discovered (op. cit.) that the 
S. cornU-nJiim and S. profundum specimens were often at- 
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tuehed by their apices to some bryozoan. Specimens from the 
Hudson stage "rarely exhibit a scar of attachment" (Romin- 
ger op. cit.) and in fact all were attached by their apices "to 
the rock" (Billings). They were more or less attached to 
foreign bodies like other Tetracoralla (vide Kunth, op. cit.) 
and proportionally as solid bodies came in the way of their 
growth they attached to them, even reaching out root-like an- 
gles towards such objects because of the protection that they 
afforded. Sometimes even two, three or more individuals have 
b^en attached to each other by their apices or by their sides 
wMth their apices free (see tig. 5, pi. XVI). When attached 
to a monticuliporoid coral or a bryozoan they are often over- 
grown by the same. Here it must be said that the 6'. para- 
nificfim Ulrich is no other than a group of small individuals 
"paras! tically attached to Bryozoa" and tangent to each other. 
Ulrich writes, "The generic position of this fossil is rather 
doubtful, yet it seems to me within the possibilities that it 
may be proven to be merely the young of some species of Strep- 
telasma like the associated S, profundum,^^ "Still the probabil- 
ity of such a tinding is so remote that I cannot hesitate to 
describe it as a natural form.'' "Against these being young 
corallites I would urge (1) their nearly equal size, and (2) 
their crowded habit of growth." "They could not have grown 
to larger size except by becoming detached from the support- 
ing body which is a supposition so unlikely that it is not to 
be entertained for a moment." But I have specimens thus 
attached which have grown to full size, and other large ones 
that seem to have broken from such attachment. Palit^ophyl- 
lum di'varicatut Nicholson from Ohio ( V) agrees with young 
attached groups of "*S. rusticum'' from Richmond. Indiana, 
before me, and I know of nothing else that it can be. Nichol- 
son says (op. cit.) of y. divnricans^ **Among the specimens 
* * * are several which agree with Streptelasma conncnlum 
Hall in most respects, but differ in the fact that they produce 
lateral buds, or sometimes appear to divide fissiparously." 
His figure 10 shows much rather that one specimen is attached 
upon another, w^hich is not uncommon in 6'. pro/'uttdum and 
simulates lateral buddingclosely (see tig. 5, pi. XVI). Nicholson 
perhaps merely credits Billings as to the nature and value of 
this character, and Billings would seem to have been often de- 
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ceived by this coral. Palceophyllum rugosum Billings, the 
type species, I have not investigated, but the author himself 
says : "This genus only differs from Petraia or Streptelasma by 
forming long fasciculate or aggregate masses, instead of being 
simple," (loc cit.). Even if truly observed would that one 
character be necessarily of specific or generic importance? 
I have not observed true budding in any of my specimens of 
S, jjrofiaidvm, much less true fission. 

Distortion due to fracture of the corallum and later mend- 
ing of it is not rarely observable in specimens from all hoi'i- 
zons, (see tig. 3-4, pi. XVI ), and if some individuals were wound- 
ed and recovered, others probably did not recover. Herein may 
be an explanation for the difference in average size between 
those from different horizons and localities since predaceous 
enemies, possibly Asaphus gigas, or again disturbances by 
water currents, and perhaps several such causes determined 
together their average size, and this in different times differ- 
ently. There were certainly some causes or conditions in their 
surroundings, affecting probaVjly the food supply to which 
may be ascribed certain constriction and expansion rings with 
which many examples are marked. P^ven the relative aciite- 
ness of the apical angle may be attributed to relative poverty 
of food supply. Thecurvature often changes in degree at some 
constrictions or by several of them. (See fig. 3, pi. XVI.) 

The wall which is without visible epitheca is marked on the 
exterior by fine transverse rings and by longitudinal furrows, 
that coincide with the position of the septa as well known. 
Nicholson says in his Manual of Palaeontology, p. 297, "A true 
theca does not seem to be present but the septa become much 
thickened towards their outer edges, being fused with one an- 
other by their lateral margins for a considerable distan(!e, and 
thus giving rise to a dense false wall." But the original fig- 
ures accompanying it as well as the description itself are 
evidence that specimens from which the theca has been etched 
away are being described. If the figured section (op. cit. fig. 
127B) represented the external wall it would by its structure 
prove the cell margin to be vertically notched. But growth 
rings when preserved show that the margin was not vertically 
notched. The margin of the cell is perhaps never preserved 
but it was evidently the outer edge of the theca and was very 
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Hcuite. The septa, developing from the inner side below the 
margin, were mere inward projections of the theea ut first. 
The septa extended upward nearly but not quite to the grow- 
ing margin of the cell. One sees that the exact position of 
the base of each septum is marked in most cases by an exte- 
rior longitudinal furrow in the theca and this proves seeming- 
ly that nearly always the point of the septum proper was pre- 
ceded by an inflection of the calycle margin, corresponding to 
the later position of and continuous with the septum. The 
beginning of the septum proper is not an inflection but a thick- 
ening of the theca and where septa have begun to develop the 
wall is thence differentiated into septa and interseptal wall 
(lig. 1, pi. XVII). Evidently the septa grew rapidly towards 
the axis of the polypite or, in other words, in a direction per- 
pendicular to the direction of growth of the calycle margin. 
Their growth in thickness was many times slower. Like the 
theca which grew more rapidly at the margin upwards than 
in thickness, so each septum grew rapidly at the margin but 
slowly in thickness. The bases of the septa are seen in cross 
sections of the thickened wall to be fixed wedge-like into the 
theca (figs. I and 2, pi. XVII). There is no fine division be- 
tween theca and septum but a quick transition from darker 
to lighter colored deposit as seen in thin sections. The theca 
is the darker and shows chiefly the concentric striation of the 
organic constituent. The septa show the radiating constitu- 
ent of the mineral constituent, but Nicholson (op. cit.) figures 
what would be the organic striation in these too, probably by 
mistake. 

The theca grows, of course, only on one side, i. e. inwards, 
while the septa thicken on both sides, and, since the septa are 
not far apart, they coalesce as a rule laterally not far from 
tlieir bases, excluding the theca so that it fills only the space 
between the septa before they coalesce. This takes place about 
at the ends of the minor sized septa. A sharp demarcation 
remains between the septa when they are in contact, because 
the calcareous prisms in one septum meet those of the other 
obliquely. Open spaces intervene under certain conditions 
after and before the septa have once coalesced. A median de- 
marcation within any septum is very rarely observed, but the 
median portion or primary layer is regularly more transparent 
in sections than the later deposited thickening upon it. 
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margin of the newly formed tabula rather than upon the cen- 
tre. Only exceptionally, tabulse formed above the ends of the 
septa across the base of the calycle (fig. 6, pi. XVI). They 
are numerous when formed regularly (fig. 4, pi. XVII), but 
the number, form, and thickness are very variable in spec- 
imens from any horizon and locality, and it does not appear 
that they are really different in any supposed species of this 
coral, S. profundum. The tabulae are more inconstant than 
the septa. 

Edwards and Haime (op.cit.) record the fact that the sides 
of th3 s?ptu, as s?on in the cell opening or calycle of course, 
are striated, a feature that is well seen in a few specimens. 
The small ridges or **striai" on the sides of the septa were 
developed strongest and most regularly near the bases of the 
septa, and became irregular gradually, hence they are regular 
at the cell margin and confused near the»bbttom of the calycle. 
There are one to four in 1mm. Their origin is probably found 
in the transverse rings or lines which are seen on the outside 
of the theca, since they appear to be no more than the struc- 
tural projection of these rugosities, inward through successive 
increments of the corallum. At first they are arranged in 
circles parallel to the cell margin, but deeper in the calycle 
they are increasingly irregular. In thin sections I have de- 
tected evidence of them near the bases of th'e septa only, but 
on silicified specimens and on interior casts in limestone they 
are sometimes seen to be continuous with denticulations on 
the free edges of the septa. The septa had evidently both 
striated faces and serrated margins and especially at the base 
of the calycle they were deeply serrate. 

In nearly complete specimens, the alternating large and 
small septa are readily observed. Kunth has pointed out that 
in corals (»f this type the major septa (first order) are not old- 
er necessarily than the minor ones (second order). At the 
calycle margin of this species all septa are nearly equal in size, 
but with distance from the margin those of the first order in- 
crease the more rapidly, and unite or **wind'* together in the 
bottom of the calycle, while those of the second order become 
buried in the "false wall" before reaching the calycle bottom. 
This gives the appearance in the cell opening as if the minor 
>Jv'pta developed simultaneously from between the major ones. 
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which at that stage is far from being the ease, as has been re- 
cognized bv authors following Kunth. How the first few 
minor septa are introduced is not certainly known to me be- 
cause in the very early growth of the cell they are developed. 
Their appearance later is not in the same manner as the major 
gepta as was before supposed. 

The four major septa designated as primary septa, or re- 
spectiveU cardinal septum, counter septum and al%r septa, 
are suppr>sed to develop simultaneously, then four more major 
septa appear each bisecting one mesenterial loculus between 
two primary septa. Next four more major septa divide four 
loculi, !. e. the l(»culus on either side of the cardinal septum 
and one on the farther (pc»sterior) side of each alar septum 
are divided ; thence four more major septa appear in the same 
manner as the last, and so on, dividing always the loculi on 
either side of the ca'rdinal septum and on the posterior side of 
the alar septa, Kunth has described this manner of develop- 
ment for both major septa and minor septa. But after the first 
major septa have devel(»ped, then each new major septum de- 
velops from a minor septum, following which two minor sep- 
ta, one on either side of the new major septum appear, and of 
these the minor septum next to the primary septum becomes 
a major septum, and so on. Notably, the major septum ap- 
pears before the Ininor septum back of it and the permanent 
minor septu are really intercalated between and not developed 
alternatively with the major septa, (fig. 8, plate XVII). 

This mode of growth is observable on the inside of the eel] 
and also on the furrows on the outside in the theca. It is not 
peculiar to this species or genus. The figures by Kunth re- 
present the major septa correctly but the minor septa must be 
differently interpreted, (see figs. 9, 10, plate XVII). I have 
not succeeded in observing the septal increase sufficiently in 
the initial stages, but most probably it is like the later devel- 
opment, (see figs. 11, A-D. plate XVII). 

The major septa are developed before the minor septa al- 
though neither the first order (major) nor the second order 
(minor septa) develops simultaneously, but the two kinds de- 
velop pari passu as described. Theoretically each four major 
septa developed simultaneously and each four minor septu 
correspondingly, but the growth is not necessarily so regular 
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and as Kiinth tells of Tetracoralla in general, the four points 
of septal increase do not exactly keep even. The four quar- 
ters into which the circle of septa is divisible, coinciding with 
the four primary septa, rarely each contain an equal number. 
In this species the counter or anterior quarters have 6 to 10 
per cent, the greater number, but correspond! ngl}' right and 
left quarters are on an average equal, although not rarely un- 
equal. Consequently one need not expect the whole number 
of septa which is about 120 to be constant. 

Increase in the number of septa appears to always cease 
when the corallum has expanded to nearly its greatest diam- 
eter (see fig. 1, pi. XVI) and the long specimens have no in- 
crease of septa in that part which I have designated for con- 
venience the senile growth, but only in the expanding portion. 

The closeness of the septa to each other varies considera- 
bly. In early growth three septa occur in the space of 1mm., 
in maturer growth on an average two or less or even one to 
Imm. occur. In rapidly expanding cells or in rapidly expand- 
ing portion of a cell the septa are widest apart. A constric- 
tion in circumference does not as far as observed ever reduce 
the number of septa but only the space between them or their 
thickness or both are contracted. Quite evidently the varia- 
tion in coarseness of septa was determined by accident of 
growth like the rate of expansion of the cell which has been 
already described. Local conditions might therefore have 
produced a distinct phase of development such as uniform 
coarseness of the septa but no such character has been found 
to prevail in any set of fossils of one locality and horizon, al- 
though the average seems to vary in different sets to a certain 
degree. 

The septa unit^ in the middle of the cell at the bottom of 
the calyde and are more or less ^^twisted together." In the 
attached portion of the apices the septa may be irregular but 
later they become regular. Soon they become "twisted" or 
irregularly bent and more or less irregularly shaped tabulae 
unite with them in a confused manner. A section across the 
base of the cell opening in a normal young specimen shows 
however very clearly the regular order of their union at that 
i^tage(fig. 7, pi. XVI), and the ''twisting together" of the septa 
later does not represent a different order of arrangement but 
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merely disorderly union. It is not apparent that the ''twist- 
ing" of the septa has any other meaning than that irregular 
peripheral growth of the theca and slight deviation in the nu- 
merous septa caused confusion in the centre where the septa 
converged. Obviously this is the explanation of the confu- 
sion within the early attached portion of the cell, since one 
side of the cell is distorted and the corresponding septa are 
disturbed. In tranverse section, it may be added, the septa 
are not cut at a single stage of their development and in the 
tabulate portion where the septa are unequal in size above and 
below each tabula, and are moreover strongly serrate, the ap- 
pearance of ''twisting together" is really exaggerated. Also 
in natural casts many of the tabulse and parts of the septa 
had as a rule been destroyed by masceration and a false im- 
pression is gained. 

The cell opening is rarely if ever preserved in its exact nat- 
ural form. The septal margins converged downward (fig. 7, 
pi. XVII) however and neared the centre most rapidly at the 
base of the calycle, nearly as usually seen in good specimens. 
The direction of the tabulte proves further that the inter- 
septal spaces were not deepest in the centre of the calycle but 
that the calycle as a whole had a more or less upwardly con- 
vex, broad bottom from beginning to end of its growth. 

At the base of the calycle in mature specimens a fossula 
or pair of fossulje is easily observed. On either side of the 
cardinal septum are irregular pits each displacing the ex- 
treme, free edges of one to three major septa, and connected 
by a small depression over the edge of the cardinal septum, 
which however is not displaced nor shortened thereby as far 
as observed. The cardinal septum is the longest one as a 
rule. On the posterior side of the alar septa are correspond- 
ing pits which although single and narrow, must apparently 
also be called fossulse. In thin sections they are not easily 
made out but on casts and silicified specimens they can be 
seen. Young specimens do not appear to have fossulte but 
since the fossulte are often inconspicuous and develop gradu- 
ally it is difficult to determine at what stage they begin. 

Conclusion. 
There appears to me to be nothing in the above described fos- 
sils upon which can or should be based a distinction of them 
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into two or more species, but on the contrary it becomes 
more evident now than before to me that but one true species 
is represented. Large and small specimens, those with acute 
and with obtuse apices, without and with tabulse all belong 
together. What is remarkable, however, is that the one spe- 
cies is the only one of the Zaphrentidce known from either the 
Trenton or Hudson stage. 

Rominger has shown that the winding of the septa seen in 
this species is no longer to be considered as a distinction of 
generic rank among species that are related to this one. The 
genus was originally based upon that character, although 
Edwards and Haime retained the genus only because they ob- 
served no theca which exists in Zaphrentis, Rominger proved 
also that this, the type species of Streptelasma has a theca 
but he retained it as a sub-genus. But probably it will be 
ultimately reduced to a synonym of Zaphrentis, I have not 
adopted such a change, however, at this time, since the neces- 
sary study of other species of the same genus and of other ge- 
nera, for that purpose would entail much discussion and more 
than could well be included in one article. If my description 
of Streptelasma prqfundum prevents the coinage of more un- 
recognizable species or undefined new genera from these mat- 
erials it will have accomplished much. The described manner 
of septal increase which differs in one important respect from 
the law described by Kunth is not considered of subordinate 
importance to the chief aim of this paper. It is a subject 
worthy of special consideration, although, since Kunth (op. 
cit.) has described this coral In particular, when he deduced 
his law for the septal increase among the Tetracoralla, the 
subject is also not inappropriately touched upon in connection 
with this species. 

EXPLANATION OF PLATES XVI AND XVII. 

Plate XVI. 
Streptelasua profundum (Owen). 

1. Side view outline of a large and nearly complete specimeD, **iS rus- 
timm.^^ I and ii, points where the increase of septa ceases. Hudson 
formation, Richmond, Indiana. 

2. A specimen of "5^. corniculumy Galena formation, Kenyon, 
Minnesota. 

3. Another specimen of the same showing interrupted growth. 

4. A specimen, **iS\ rusticum,'^ showing a fracture of the corallum at 
a. Hudson formation, Richmond, Indiana. 
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5. Three Bpecimens of S, jyrofundum grown together. Beloit forma- 
tion, bed no. 5, near Monroe, Wisconsin. 

6. A longitudinal section showing large open spaces &, in the ''false 
wall" a, formed by expansion of septa over a tabula; d open calycle. Ga- 
lena formation, bed no. 6, Kenyon, Minnesota. 

7. Transverse section near the apex, X 4, showing the regu lar arrange - 
ment of septa and open spaces left between them. Beloit formation, bed 
no. 5, Saint Paul, Minnesota. 

8. Portion of an interior cast of calycle, X 2. The black lines represent 
the septa and their * 'striae.'' ii alar septum. Galena formation, bed 
no. 8, Mantorville, Minnesota. 

Plate XVII. 

Streptelamna profundum (Owen). 

1. Transverse Bection, X 4, of a young corallum, showing a, the sep- 
ta, 6, the theca. i, cardinal septum, ii, alar septa, x, side of the cor- 
allum that was attached to a bryozoan. The septa have been etched in 
the cell-oponing and are not normal. Beloit formation, bed no. 4, St. 
Paul, Minn. 

2. Transverse section, X 4, below the tabulate portion of a corallum. 
showing the "false wall'* reaching to the centre, i, cardinal, ii, alar, 
III. counter septum, 6, theca partly preserved. Hudson formation, 
Richmond, Indiana. 

3. Part of a tangential thin section X 8, .s, septa, f , tabula?. Hudson 
formation, Richmond, Indiana. 

4. Part of a longitudinal thin section showing the usually thin tabu- 
lar ^, and intervening septa s, Hudson formation, Richmond, Indiana. 

5. Side view of a specimen, "5. breve,^' Beloit formation, bed No. 
T), near Monroe, Wisconsin. 

6. View into the cell-opening of the same, i, cardinal septa, ii, alar 
septa, III, counter septum. 

7. Diagram of longitudinal median section, a, false wall, 6, tabulae 
between the septa, c, free portion of the septa, d, open calycle. 

8. Side view of a small specimen, X 4. The black lines indicate the 
furrows in the theca which coincide with the septa in position and show 
the manner of increase of septa, ii, position of alar septum. Beloit 
formation, bed No. 5, St. Paul, Minn. 

9. Diagram after Kunth, to show the manner in which the septa in- 
crease in a quarter of a corallum. c. cardinal septum, «, alar septum, 
1-9 other septa. 

10. Same as the last, to show more correctly the septal increase in 
.S. profundum. c, cardinal, a, alar, 1-9, other major septa, l'-9', minor 
septa. 

11. A-D. Diagrams X 5 to show the supposed order of development 
of the first septa, i, cardinal septum, A, shows 4 major septa, the pri- 
mary septa, B. shows 8 major septa, C, 8 major plus 8 minor septa, D, 8 
plus 4 major and 8 plus 4 minor septa. 
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THE KOOCHICHING GRANITE. 

By Alexandeb N. Winchell, Koochiching, Minn. 

On the northern boundary of Minnesota, two miles west of 
Rainy lake, is an important waterfall. The Rainy river here 
plunges downward about twenty-five feet over a rock which 
the full force of the torrent but slowly wears away. This 
bed rock of the falls is considered to be of eruptive origin, 
and seems to belong to the Lauren ti an age.* The river at 
this point is near the southern edge of the eruption, which 
extends awav to the northeastward for about fifteen miles, 
while its limits on the north and west are not definitely 
known. 

Macroscopically the rock,f in the region selected, is a crys- 
talline, medium-grained mixture of : 

1. A plagioclase feldspar, frequently exhibiting twinning. 

2. Another feldspar, exhibiting no twinning, but occasion- 
al cleavage. 

3. Mica, which is quite abundant and easily distinguished. 

4. Quartz, which is less abundant than is common in 
granites. 

5. A green mineral resembling hornblende. 

The general color of the rock is dark gray, weathering to 
nearly black. Weathered surfaces further show that the 
darker materials (mica and the green mineral) are the first to 
disintegrate. 

A separation of the rock constituents by the specific grav- 
ity method resulted as follows : 

Mica 12.00 per cent. 

Above 3 9.29 

Between 3. and 2.661 34.66 

Between 2.661 and 2.642 25.02 

Between 2.642 and 2.58 7.60 

Below 2.58 11.43 



Total 100.00 



(( 



It is almost needless to remark that the accuracy of the de- 
termination is much more apparent than real ; indeed, 1.95% 
of the powder was lost in the operations. 

*A. C. Lawson : Geol. Surv. of Can. Ann. Rep., 1887. Pt. CC, P. 
126F. 

tThis description is based on specimens 1030G and 1030aG of the se- 
ries of the Greol. and Nat. Hist. Survey of Minn. 
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The separation at 3. was not remarkably distinct, while no 
separation at all distinct could be obtained between 3. and 
2.661, and it is therefore considered probable that the rock is 
somewhat altered, and that many of the grains, though so 
small.* are not individually homogeneous. The separation at 
each of the points 2.661, 2.642 and 2.58 was fairly distinct. 

Microscopically the following minerals were determined 
(named in the approximate order of abundance) : 

1. Orthoclase is quite abundant in irregular grains. Crys- 
tal outline was not observed. The grains are frequently ren- 
dered cloudy by decomposition, especially to kaolin. Inclu- 
sions of biotite, apatite, quartz and hornblende are common, 
while the very fine gaseous or fluid inclusions are not as com- 
mon as usual. Carlsbad twins of orthoclase occur but rarely. 
Micropegmatitic intergrowths with other feldspars can be 
seen with a high power. 

2. Biotite is abundant, being easily distinguishable by its 
dark brow^nish color and strong pleochroism. Crystal outline 
was not observed. 

3. Andesine-oligoclase is quite common, show^ing no crys- 
tal outline. Carlsbad twins occur with both parts showing 
albite twinning. It is not certain that some other plagio- 
clase is not present; but it seems impossible, as every grain 
w^hich gave a satisfactory test was very near andesine-oligo- 
clase in character, according to the tables of Fouque.f 

4. Microcline occurs quite freely in irregular grains. It 
usually shows an undulatory extinction, corresponding, per- 
haps, to the irregular nature of the double twinning. It de- 
composes to kaolin, epidote and quartz, while biotite and ap- 
atite appear as inclusions. 

5. Hornblende occurs rather sparingly, perhaps as an orig- 
inal constituent, as no augite has been observed. No crystal 
form was noted. Zonal structure is seen now and then; inclu- 
sions of other minerals are common. 

6. Quartz exists sparingly in irregular grains, never show- 
ing crystal outline. No cleavage has been observed. Inclu- 
sions occur, but not as abundantly as is common in quartz. 

♦They were put through 72- mesh bolting cloth and supported by 100- 
mesh bolting cloth. 

tBulletin de la Soci^t^ Francaise de Mineralogie. Paris, 1894. 
XVIII, 428. 
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Micropegmatitic intergrowths with orthoclase, and apparent- 
ly also with andesine-oligoclase appear sparingly. 

7. Epidote is abundant in small grains. Crystal form is 
quite common, occurring usually in the midst of biotite. Twin- 
ning is rare and twinning laraellfe more rare still. In one case 
lamella? are parallel to a short crystal face in a well defined 
crystal, surrounded by biotite and |i bit of quartz. The crys- 
tal gives an optic axis, but no good cleavage is visible. In 
another case (Fig. 1) no lamellae are visible. Two cleavages 
are distinctly traceable, and the twinning plane divides the 
angle between them. The crystal form is again very distinct, 
though part of it has apparently been broken off. The section 




Fig. 1.— Crystal of epidote: e, opidote; a 6, twinning plane; foi, biotite; 

9, quartz. 

is nearly parallel to the optic plane, and shows an indeter- 
minate interference figure. The twinning is along the line 
a b; the two parts extinguish at an angle of about 7®. It 
seems probable that this crystal and others quite similar 
illustrate primary epidote.* 

8. Kaolin occurs quite commonly in all the feldspars, and 
sometimes may be seen closely aggregated. Being the prin- 
cipal decomposition product of the feldspars, it is most 
abundant in the more highly altered areas, where the vein-like 
structure of secondary quartz and heterogeneous occurrences 
of epidote and sphene are found. 

{). Apatite is seen sparingly, usually in needle-like forms, 
sometimes shortened into prisms. These are usually termin- 
ated by pinacoidal planes, otherwise by pyramids. Apatite 
is seldom, if ever, seen without crystal form. Cleavage has 

* C. R. Keyes : 15 Ann. Rep. U. S. Geol. Sur. 1893-94, p. 706-10. 
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not been observed. The crystal form indicates that apatite 
was one of the earliest minerals solidified; nevertheless, in 
an area higblv altered, apatite needles are so thickly crowded 
as to suggest at least, a secondary origin. 

10. Sphene, or titanite, is in small amount ; it has gener- 
ally a rough crystal outline, the crystals being so small that 
the biaxial character was determined onlv after considerable 
search. Two cleavages were observed, as well as fracture. 
The pleochroism frequently passes into a shade reminding one 
of the flesh color of garnet. 

11. Tourmaline is identifiable in isolated spots in very 
limited amount. It occurs in hexagonal crystal form as well 
as in shapeless aggregates. The pleochroic colors are a very 
pale blue and a dark grayish blue without a trace of the or- 
dinary violet shade. This is an interesting fact, inasmuch a$ 
tourmaline has been found at only one other place in Minne- 
sota.* 

12. Pyrite occurs in very minute quantities. Only two 
grains were large enough to give a really satisfactory color 
in reflected light. Some of the smaller grains appear to be 
decomposed; they may be some other iron ore. No distinct 
crystal outline was observed. 

13. Calcite exists in small microscopic grains, as a decom- 
position product of the feldspars. Only a few grains have 
been noticed, and the identification is not entirely satisfac- 
tory. 

14. Zoisite is about as abundant as apatite, and would 
therefore naturally be mentioned before sphene and tourma- 
line, but its determination has been so uncertain that it has 
been relegated to this rank. In ordinary light its appearance 
closely resembles that of epidote« with which it is associated 
in origin and occurrence. The crystals are. however, much 
smaller, and show the characteristic blue-gray interference 
color. 

15. Muscovite is thought to occur in very small quantity. 
Only two or three microscopic grains were noted. The few 
distinguishable characters agree with those of mu>covite. 

16. One more mineral deserves mention. It is a large mi- 
croscopic twin of a green, strongly pleochroic substance. The 

^Namelj, at Pipestooe rapids, leading into BasiiuenaD lake. 
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mal structure is very noticeable; in the larger part three 
nice occur, though the inner one may be part of a ditferenl 




FlO. i.—k twin (hnrnUendel) 

crystal growth. The cleavage lines are uninterrupted by the 
twinning plane, although they make an angle of about 19 de- 
grees with it. The larger part of the twin gives an extinction 
angle of about 26 degrees on the cleavage ; the other part one 
of about 18 degrees. The larger part gives an interference 
figure which is near an optic axis ; the smaller part, one near 
a bisectrix. One twinning lamella is seen for a short distance, 
namely, across the outer zone in one place. Inclusions of 
quartz and epidote are distinct, while the twin is surrounded 
by biotite, hornblende, quartz and epidote. The microscopic 
characters agree, in the main, with those of hornblende, but 
the extinction angle is inexplicably large. Further, it is diBI- 
cult to reconcile the position of the twinning plane with re- 
spect to the cleavage with any known manner of twinning in 
hornblende. 

Tabulating, to compare the results of the specific gravity 

determination with the microscopical investigation, we have: 

Mineral. Sp. Or. Per cent. 

Biotite 2.8 —3.2 12.(10 

Muscovite?.. 2, 75— 3.2 

Above 3. 8.29 

Hornblende.. 3.2 —3.3 

Epidote. . 

" ■ ■■ " ....;i,a> 

...3.16 __ 
-3.7 
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Tourmaliiie. .3. —3.24 

Prrite 4.9—5.2 

a— 2.051 34.66 

Calcite? .... 2.72 

2.661—2.642 25.02 

AndecdDe-oli- 

goeUse. ..2.615 

Q^rtz 2.65 

2.642—2.58 7.60 

Below 2-58 11.43 

Ortboclase.. .2.54— 2-56 

Microcline . . .2.56 

KaotiD .2-34-2.57 

100.00 

Here we have good evidence of the heterogeneous character 
of the grains in the specific gravity determination, since only 
a possible trace of calcite falls under the division 3. to 2.661, 
which includes a third of the whole. This is probably due 
to the altered condition of the feldspars — the included epi- 
dote, zoisite { and apatite^ K etc., increasing the weight above 
2.661. Similarly, the pi^rtion which fell between 2.642 and 
2.5S must be chiedy andesine-oligoclase lightened by included 
kaolin. 

On account of this altered character of the rock, only the 
roughest estimates of the constituent mineral percentagt^ can 
be made. Basing it mainly upon the fairly accurate deter- 
mination of the biotite, we would have : 

Orthcciase 13JQ0 

AndeeiDeHxieocIase 16L00 

Baodte ~ 12.00 

Mkroeiine 12.00 

Quartz 12.00 

Hcrab^ecde 10l«i 

E|ikk4e 7X0 

KaoUn 5.lX> 

Apatite 4.0O 

ZamkVt aOO 

SyhfUf 2.a> 

ToomaiiBe* pjrite. calcite and mu^xkrite LOD 

UXXOO 

structure of the rock is typically granitic. N^ih macr\^ 
and microscopically. The specimens studied arv 

T altered, bat only micn^scopicjilly. The r\-ck has 
MTere presjsure. with a twisting •»r crushing ao ve- 
st WQwmt time. When it last soI:di^e\l :: d'^ubtless c*>n- 




I ■ J. 
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tained biotite, hornblende, quartz, and the three feldspars, 
orthoclase, microcline and andesine-oligoclase as the essential 
constituents, with accessory apatite, epidote, sphene, tourma- 
line, and perhaps zoisite. These accessory minerals all ex- 
hibit crystal form, of which they have a complete monopoly. 
Changes have since introduced kaolin, calcite, pyrite, and 
perhaps muscovite, and have considerably increased the epi- 
dote, apatite(?), zoisite and quartz. The essential constitu- 
ents and the general structure remain unaltered. 

Thus we have a true granite, though remarkably poor in 
(|uartz. It has been called a gneiss*; but the gneissic char- 
acter is entirely wanting in hand specimens, and is only 
barely traceable in a few small patches at the falls. It there- 
fore seems much better to term it a biotite-hornblende granite. 



ON THE MAGNETITE BELT AT CRANBERRY. 
NORTH CAROLINA, AND NOTES ON THE 
GENESIS OF THIS IRON ORE IN GEN- 
ERAL IN CRYSTALLINE SCHISTS. 

By James P. Kimball, New York. 
(Plate XVIIX.) 

The well known deposits of magnetic iron ore at Cranberry, 
Mitchell county, N. C, n^r the Tennessee border, have only 
since the year 1867 been systematicall}' wrought, though pre- 
viously for a long period supplying a local bloomary fr(»ni their 
decayed and disintegrated outcrop. Incidentally to an exam- 
ination of a related magnetite belt in the year 1891, having 
taken occasion to study the remarkable developments at 
Cranberry, I now take occasion to indicate their principal 
features and, as it appears tome, their mode of genesis. f 

The locality is at the eastern base of the great Appalachian 
or Nolichucky plateau, compassed by the bifurcation of the 

*A. C. Lawson : Geol. Surv. of Can. Ann. Rep. 2887. Pt. CC. P. 
126F. 

tSince this paper was mainly prepared a valuable contribution to the 
study of the same subject by Mr. Henrv B. C. Nitze has been published 
in Bulletin No. 1, (1893) of the State Gfeolo^ical Survey of North Caro- 
lina. This first comes to my notice on receipt of a copy from the State 
Geolofifist after filing the manuscript of the present pages for publica- 
tion. 
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Blue ridge southeast of Roanoke, Va. Hydrographic rela- 
tions; which it is important to note, are with waters at the 
western base of the Blue ridge, — that is, between the domi- 
nanteastern borderof the Appalachians and the great plateau 
culminating in Roan mountain. The North Carolina-Tennes- 
see line through the plateau country was run over the crown- 
ing summit and thence successively over the higher elevations 
quite independently of given direction, as well as of anything 
like distinct mountain ranges or ridges, such as are com- 
monly indicated by maps under designations, in order from 
north to south, of Stone, Unaka, Bald, and Smoky mountains. 
The drainage of the plateau itself is through the upper wa- 
ters of the Watauga and Nolichucky, and thus of the Tennes- 
see river. From their very source these waters have sculptured 
deep channels whose erosion appears to have been independ- 
ent of folds in the crystalline Archean schists which consti- 
tute the mass of the great elevation. When referred to the 
dominant Appalachian trend, what may be defined as nu- 
merous cross ridges, to which erosion of the plateau has 
given rise, are remnants of massifs, few in number, them- 
selves remnants of the great Appalachian uplift. Of these 
the more prominent have been deeply scored by erosion into 
radial forms, more or less individual, culminating above the 
timber line in summits clear of forest. Hence such terms as 
Bald mountains, and local expressions like the *'Balds of the 
Roan," the "Bald of the Yellow," etc. The latter is a subor- 
dinate summit of the Roan mountain massif. The remarkably 
deep and sharp erosion of the Appalachian plateau, promoted 
by well known conditions of rock-decay in this part of the 
primitive continental area, is doubtless due to excessive pre- 
cipitation ever favored by obvious meteorological and topo- 
graphical conditions. 

The openings of the Cranberry mine are near the eastern 
base of Cranberr}'^ ridge, a steep and lofty elevation (4015 ft.) 
which has been sculptured from the mass of the Big Yellow 
spur of Roan Mt. by waters of the Elk. Similar, but less 
continuous elevations separated by other water-courses of the 
same stream rise one above another toward the summit of 
Roan Mt. 

So much, in brief, for the rugged topograph}^ surrounding 
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the Cranberry mines. With the discovery and even natural 
development of the ore deposits, the configuration of the sur- 
face has had much to do. This likewise comes into view in 
considering either possible future discoveries along exten- 
sions of the Cranberry ore belt, or the relations of the so- 
called Roan Mountain ore belt of east Tennessee. 

The narrow bottom of Cranberry creek some 50 feet below 
the mines is occupied by the iron works and railroad (E. 
Tenn. & W. N. C.) both built by the Cranberry Iron and Coal 
Co., of Philadelphia, and operated as well as the mines by 
that company. The works consist of a single small blast fur- 
nace, built in the year 1884, making about twenty tons of iron 
per day from a 43 per cent, ore, ordinarily with Flat-top or 
Pocahontas coke. The furnace is chiefly remarkable for its 
production of iron with a tenor of phosphorus as low as 0.020 
per cent, from an ore of comparatively low grade, an achive- 
ment in regular practice probably unequalled in the country. 
This result is due not only to the remarkably minute propor- 
tion of this deleterious substance in the furnace stock, but to 
the care and skill exercised by the president, Mr. Frank 
Firmstoneof Kaston, Pa., who has devoted much personal at- 
tention at the furnace to the production of iron of high grade. 

The Cranberry ore belt enters conformably into the*etruc- 
ture of the series of crystalline schists in Cranberry ridge. 
This structure is a succession of folds whose longer axes, are 
transverse to the axis of the Cranberry bottom or to the trend 
of the ridge itself. The strike of the ore belt, conformably 
to the axes of the folds, is N. W.-S.E. The dip accordingly is 
southwest and at an average of 45^. A ravine down the side 
of the ridge, opening out into the Cranberry bottom, has 
eroded the reverse or northeast dip of the anticline into which 
the ore belt enters, so that the ground compassed by the 
Cranberry workings presents simply a monoclinal structure. 
The topographical position of the mines may therefore be 
further described as on the southwest .side of a cross ravine 
heading near the crest of Cranberry ridge as indicated by a 
minor depression or wind gap. 

The zone of rock decay is so deep in this region that petro- 
graphic studies are far from satisfactory. For this reason I 
have not attempted to correlate the surrounding schists. I 
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am able to note only in a general way a marked change in the 
lithologic type at the cross ravine suggestive of the Huronian 
succession or contact. While the schists on the northeast 
side seem to be exclusively acid, the mine schists opposite are 
essentially basic, pyroxene and amphibole predominating. 
Massive amphibolite is the prevailing rock for several miles 
to the south. Tucker hollow, back of Cranberry ridge, has 
been excavated from this formation. Much of its detritus, 
weathering with exfoliation of ferric oxide into rounded 
forms, externally resembles limonite. This circumstance 
has led without discrimination to a futile search for this ore 
on the Perkins tract. On the state geological maps the Cran- 
berry mine is made to appear within the Huronian area. 
This is an error. But the concealed Huronian contact is 
probably in Cranberry ridge, and very close to the mines, that 
is, not far back of the railroad bank and in part coincident 
with the cross ravine above mentioned. This probability 
rests upon the assumption that the weathered amorphous and 
sharply folded schists exposed in the railway cuts represent 
that division of the Algonkian series. 

The ore developments at Cranberry, though somewhat 
obscurely defined, are in the form of lenses or lenticular 
masses differentiated by the presence of magnetic iron ore 
within the compass of a remarkably persistent stratiform belt 
of pyroxene passing into amphibole, the former prevailing. 
This passes into epidote and magnetite by alteration. The 
marginal material of the ore lenses is highly epidotic especi- 
ally in the upper workings. Here transition from pyroxene 
into magnetite is notably through a margin of epidote. 
While the interior parts of lenses are characterized by moder- 
ately rich or concentrated magnetite free from epidote, the 
lenses may be said to graduate outward into pyroxene- 
epidote of low grade. The more crystalline as well as the 
richer ore possesses the cleavage of pyroxene and is free from 
epidote. Genesis of the magnetite from pyroxene thus ap- 
pears to be indicated on the one hand with development of 
epidote, and on the other hand, in the case of rich crystal- 
line and more or less distinctly pseudomorphic magnetite by 
replacement without development of epidote. Epidotization 
of pyroxene from weathering action is practically limited to 
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the superficial zone of rock-decay, and is mainly exhibited in 
the upper workings. This indeed increases with proximity 
to tiie surface. 

Epidotization of amphibole and pyroxene is likewise a 
characteristic of shallow or superficial portions of the larger 
magnetic lenses of Asche county in the same state. The'ore 
developments' in that part of the New river basin occupy 
the same relative topographical position with reference to the 
Blue ridge and Stone Mt. as the Cranberry mines. Their 
Rtratigraphic environment is also similar. The old bloom- 
aries on Helton creek and other waters of New river, like the 
old Cranberry forge, had their ore supply from float ore, and 
iron sands //* situ, the latter from decayed outcrops of epi- 
dotic magnetite lenses, and stratiform augitic material irreg- 
ularly altered into epidote and magnetite, and probably ap- 
pertaining to a single stratigraphical horizon. A number of 
sharp folds present a series of such deposits the parallelism 
of which is due to replication. At numerous localities in the 
New river basin the exhibition of float ore is remarkable^ 
though in point of quality and as indications of important 
deposits in place uncommonly deceptive. The best of this 
material owes its extraordinary purity to secular weathering. 
This is shown by its vesicular condition as a result of disin- 
tegration and elimination of silicates. Float of this descrip- 
tion is especially characteristic of what has been distributed 
by ablation and gravity from the smaller or thinner lenses or 
plates. Indeed — according to my own experience in Asche 
county, the exhibition of this enduring kind of ore detritus is 
apt to be the more imposing the less the size or importance of 
the original deposit. 

The Cranberry mine is wrought partly in open quarry and 
partly by levels, the separate workings being connected on 
the dip. Parts of six distinct ore lenses are exhibited on the 
face of the quarry one above another and in echelon. These, 
defined in short as ditferentiations or concentrations of mag- 
netite in the augitic belt, pass insensibly into non-feriferous 
material. The lowermost of these, the largest of the series, is 
likewise wrought in the underground workings. 

The lower level 330 feet in length enters the ridge directly 
beneath the railroad bank 30 ft. above drainage, or 96 ft. be- 
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low the level of the quarry floor at nearly right angles with 
the Htrike of the formation. It therefore cross-cuts members 
of the formation next below the horizon of the ore-belt and 
juftt penetrates the hanging wall of the main ore-body. These 
members are essentially foliated and gnarled hornblendic 
gneiss only slightly epidotic at this level and sparsely strewn 
with zircons. The thickness of the ore-body on the tunnel 
line is 87 ft. Measurements, however, vary with the section, 
and, apart from a few as already given, exact dimensions re- 
main undetermined. Exploration by diamond drill 142 ft. be- 
yond the innermost heading reveals alternations of ore and 
pyroxene and amphibole more or less epidotic. This goes to 
show the presence if not the maintenance of ore-lenses at this 
level the same as in the upper workings, but none of remark- 
able thickness. Their indication is rather of the attenuation 
of lenses or concentrations of which larger sections are ex- 
hibited in the face of the quarry. The lack of sharp demar- 
cation in the ore lenses renders boring unsatisfactory as a 
mode of exploration. The following inverse section was re- 
corded : 

V «.,„4.; « ( Gneiss more or less ferriferous.. . 101 ft. 
H^xcavation J y^^^^ ^^^ j^^^ ^^ ^^j.^ j^^^j ^^ ^^ 

Oft. '* Ore 6 ft. 

29 ft. Sin. ** Epidotic gneiss 23 ft. Sin. 

:j4ft. Sin. »* Interval 5ft. 

38 ft. 2 in. •' Ore 3 ft. 6 in. 

41 ft. 11 in. ** Ore and amphibole (pyroxene?) 3 ft. 9 in. 

42 ft. 3 in. »• Good ore Oft. 4 in. 

46 ft. 10 in. »» Interval 4 ft. Tin. 

88 ft. 6 in. ** Good ore 41ft. Sin. 

142 ft. 3 in. ** Interval 53 ft. 9 in. 

The lower workings have been carried upward so as to open 
into earlier workings connecting with the upper tunnel, so- 
called, 36 ft. higher, or 65 ft. above water level. This was 
driven through about 80 ft. of talus round a turn of the hill- 
side so as to reach the ore belt on the strike, and therefore 
nearly at right angles to the lower tunnel now in use. It thus 
gives access to a portion of the main ore body on the dip in- 
termediate between the quarry and the lower workings, and 
especially to solid ground not yet penetrated from the lower 
level but still below the level of the quarry. Ore broken on 
this level can be delivered through the lower level, the two 
workings having been *' holed " through on the foot wall. 



The Magnetite Belt at Cranberry ^ N, C, — KivihalL 305 

Underground workings thus connected rise to near tlie floor 
of the quarry, at the nearest edge of which at one point they 
break through to daylight. The thickness of the main ore 
body at the level of the upper tunnel is 65 ft. The difference 
in section at the two tunnels is due to the lenticular configur- 
ation of the ore lens. All of the workings advance in the 
direction of the strike. Neither workings on the strike ex- 
ceeded 400 ft. in length in the year 1891, and 40 ft. in hight, 
while both are driven into solid ground beyond the vertical of 
the quarry face. 

The quarry face is advanced from the floor and from tw^o 
benches above, the former being 45 ft. above the upper level. 
Three working breasts are thus maintained each 50 ft. in 
hight. Abandoned shallow excavations still higher on the 
hillside expose an upper lens. These were wrought for the 
sake of iron sands from disintegration of this small super- 
ficial division of the ore belt. The face of the hillside now 
occupied by the present quarry was originally wrought in the 
same way for the supply of the old bloomary. 

The thickness of the ore belt at the surface as shown by 
graphic construction is about 250 ft. including the upper lens, 
or 205 ft. to the superfleial edge of the quarry, these measure- 
ments being at right angles to the dip. The horizon of the 
foot wall is clearly defined in the lower tunnel, at which level 
the ore developments, judging from the boring, seem limited 
to a thickness cf 152 ft. The upper and middle divisions of 
the ore belt are disclosed in the quarry face, though nothing 
like a hanging wall has been reached in any of the workings. 
From the present compass of the quarry it has been eroded. 

Of any given thickness of the ore belt only a varying por- 
tion is made up of workable ore. A large proportion of the 
refuse is adapted to magnetic separation or concentration. 
From the above description it will be understood that besides 
the main ore body which crosses the whole quarry face, pass- 
ing on the rise into the right wall, attenuating parts of five 
lenses similarly disposed are wrought in the quarry all. of 
which in the summer of 1891 could be more or less distinctly 
traced by coloration. It also appears that the net thickness 
of the differentiated ore lenses varies at intervals with the 
section. 
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The following analyses of Cranberry ore are of samples 
typical of three distinguishing grades, only the first analysis' 

(I) representing anything like the average properties of the 
ore as prepared for market. This was made by Mr. Edward 
Riley of London, England, from a sample taken by himself in 
the month of October 1890. The other samples, collected by 
Mr. Bailey Willis and analyzed by Mr. A. A. Blair* represent 

(II) pure magnetite, and (III) a mixture of epidote and mag- 
netite. The admixture of pyroxene and epidote is indicated 
by notable proportions of lime. In a 43-per cent, ore as used 
at Cranberry furnace, seven per cent, of the iron produced is 
attributable to ferrous and ferric oxides in silicated form, 
from pyroxene and its derivative (epidote) respectively. The 
pure pyroxene according to an analysis by Mr. Blair contains 
24.01 per cent, of metallic iron. 

I. II. III. 

Silica 20.97 5.27 29.99 

Ferric oxide 47.32 62.57 25.05 

Ferrous oxide 16.45 26.68 18.93 

Alumina 2.87 1.18 10.07 

ManganouB oxide 0.42 0.22 0.76 

Lime 10.10 1.46 11.33 

Magnesia 1.43 0.55 1.78 

Iron disulphide 0.20 0.18 

Nickel sulphide 0.04 0.09 

Sulphur 0.02 

Carbonic acid 0.08 0.07 

Titanic acid 0.95 

Hygroscopic water trace 0.35 0.37 

Water of composition 0.91 0.49 1.49 

Phosphoric acid 0.007 0.024 

100.49 100.037 100.134 

Metallic iron 45.93 64.64 32.37 

The sculpturing of the valley of Cranberry creek has been 
transversely through the ore belt. Its southeasterly exten- 
sion has been traced to the opposite side by means of an ex- 
cavation now fallen in. In an opposite direction its exten- 
sion is strongly indicated. Nothing has been done to decide 
the question of continuity. 

With the use of the plane table and magnetic needle, but 
with little or no help from the latter instrument, I have en- 
deavored to trace the northwest extension of the Cranberry 
ore-belt. 

*U. S. Census 1890, XV, p. .^26. 
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On the Hardigraves or Ellis tract in Iriw ground near, if not 
within the F. P. Perkin? line, a shallow excavation made 
several years ago. reveals terminal parts of two overlapping 
lenses with a dip of only 10® SW. This position is on the 
projection of a right line from the northwest ore bank of the 
Cranberry Co., passing directly over the outcrop of the Cran- 
berry ore belt, that is — ^just to the south of the quarry. The 
encasing schists are characteristic of the belt as typified at 
Cranberry. The strike and persistence of the belt are thus 
imperfectly indicated. The upper part of it however has here 
been eroded, and the thickness of the part preserved remains 
to be ascertained by excavation. Further in the same direc- 
tion the ore belt disappears by erosion, or recedes to the south 
at a gentle dip in the low ground where the outcrop is con- 
cealed. 

A second ore-belt characterized by a remarkable develop- 
ment of pyroxene, both crystalline and schistose, outcrops in 
almost vertical attitude on the summit of a high divide on the 
F. P. Perkins tract, on a line of strike parallel to that of the 
Cranberry belt, about 1700 ft. to the eastward. A thickness 
of 3 to 4 ft. of magnetic gossan, or decayed epidotic magne- 
tite, blended with ferric hydrate, has here been opened at the 
summit of a sharp hill to a depth of 30 ft. This is overlain 
by contorted hornblendic gneiss and underlain by pure sub- 
crystalline pyroxene over 20 ft. in thickness. The dip to the 
southeast passes out of the perpendicular from near the sur- 
face to 70® at the bottom of the pit. The gneiss has been 
penetrated from a tunnel driven at the base of the hill toward 
the hanging wall. The relation of the encasing schists is ac- 
cordingly the reverse of the succession at Cranberry. Litho- 
logic analogy however points to an identity of horizon, and 
the stratigraphic relations of the two belts to those of an 
over thrust anticlinal fold. 

The Roan mountain ore belt can be studied to but little ad- 
vantage at present for lack of exposure or industrial develop- 
ment. The high estimate of its importance published from 
time to time rests mainly on assumptions not altogether justi- 
fied by a number of feeble and unsystematic attempts to pro- 
duce a merchantable grade of ore. It embraces the Citico 
mine near Shell Creek station, belonging to the Citico and 
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Roan Mountain companies, and undeveloped discoveries on 
the Stratton, DeBardeleben, Heupseup, Crab Orchard and 
so-called Magnetic tracts, the last at South Watauga belong- 
ing to the East Tennessee Mining and Improvement Co. 
Other discoveries have been made on the Roan Mountain Iron 
and Steel Co's. tract. 

These tracts form a chain several miles in length rounding 
the base of Roan Mt. A sample of the ore from the '* Mag- 
netite Mine" taken by Mr. Jeremiah Head of Middlesborough, 
England, in 1890, closely resembled, according to an analysis 
by Pattison & Stead of that city, the average of Cranberry 
ore. A considerable proportion of the iron was, as in the case 
of the Cranberry product, evidently in silicated form, and 
contained in the accompanying pyroxene as indicated by the 
large percentage of lime. This analysis free of oxygen and 
moisture is printed in Mr. Head's report on the mine etc., as 
follows : 

Iron 43.75 

Alumina 4.66 

Lime 9.94 

Magnesia 3.05 

Silica 21.90 

Sulphur 0.02 

Phoephoric acid 0.01 

The Citico mine when visited in the year 1891 had been 
abandoned. A series of small lenses at shallow depths had 
been exhausted. The ore produced was of indifferent qual- 
ity, but a small part of the ore on the stock pile being up to 
shipping grade. 

Of the ore belt as a whole at Cranberry little or no polarity 
is sensible at the surface, yet stripped ledges and broken 
remnants of ore lenses as left in excavation, especially below 
the zone of rock decay do not, on the contrary, fail to exert a 
powerful influence on the magnetic needle, as observed inside 
the Cranberry workings and quarry. The same is the case 
at the one opening of the western ore belt, and only negative 
results were obtained in efforts to trace its extension. 

The dipping and horizontal needle of at least hand instru- 
ments therefore afford little or no aid in the search for iron ore 
in this region, notwithstanding a moderate degree of polarity 
in broken fragments of sound ore, and even in specimens of 
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the gossan. The reasons are not far to seek. First, as the 
course of the ore belt is almost at right angles to the magnet- 
ic meridian terrestrial magnetism prevails over all but in- 
tense local attraction under exceptionally favorable or arti- 
ficial circumstances as above instanced. Second, as every 
separate lens acts as a single magnet the overlapping of lenses 
of unequal size, as well as overlapping of opposite terminal 
parts of separate lenses within the compass of the pyroxene 
belt, tends to neutralize their opposite polarity. Both posit- 
ive and negative polarity thus acting together produce no 
appreciable effect upon the short needles of simple instru- 
ments. Third, the disintegration of the ore lenses to a con- 
siderable depth, as commonly observed in this latitude, also 
tends to impair the polarity of the nearest original ore lenses, 
while lower and less decomposed parts of deposits are un- 
favorably influenced by the law of decrease of magnetic in- 
tensity in measure .of the square of the distance. 

Besides such difficulties from the small measure of result- 
ant magnetic intensity, particularly in the case of complex 
development of ore lenses, the greatest difficulty of all op- 
posed to a detailed magnetic survey is from th^ density of the 
forest. And it is doubtful whether a systematic survey in 
spite of the obstacles instanced would afford satisfactory re- 
sults as in the Archean iron fields of New York and New Jer- 
sey where glacial erosion has cleared the way for work of this 
kind by removal of the inert zone of rock decay. Instru- 
ments of precision would here be required like the field mag- 
netometer and transit, while as a preliminary a rectangular 
sectional survey would be indispensable in order to establish 
fixed points for magnetic observation and comparison. 

One of the more interesting occurrences connected with the 
ore belts is the development of homogeneous sub-crystalline 
pyroxene to a remarkable thickness. At the opening on the 
western ore belt above referred to this attains a thickness 
from 20 to 30 ft. In the eastern or Cranberry ore belt the 
thickness is much greater, though the pyroxene is less homo- 
geneous through weathering alteration. Whatever may have 
been the mode of accumulation of this materia], the magae* 
tite associated with it appears to have been derived flJ wcH 
as the pyroxene itself by molecular separation or dllTgfWli 
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ation from a highly basic aggregate originally constituting 
this divisit>n of the Archean sejiists. This division, there is 
some reason to believe, is near the top of their stratiform de- 
velopment in this region. 

I have referred to the ore deposits at Cranberry as lenses. 
Yet they lack the definition of concrete ore bodies, or at least 
outlines of definite form. They may be more accurately de- 
scribed as lenticular concentrations of magnetite in pyroxene 
with their longer axes conformable to the lamination or 
divisional structure of the enclosing schists, and graduating 
into pyroxene more or less epidotic. While rich aggregates 
of magnetite are occasionly met with, the bulk of the ore is 
an admixture of the two minerals along with, though rarely, 
a few accessory minerals like quartz and calc-spar represent- 
ing, together with epidote. derivative or residual productsof al- 
teration of uni-silicates or silicates, not in atomic combination. 
The separation of magnetite is also incidental to this alter- 
ation, as we may well believe. The breaking up of basic ag- 
gregates whether eruptive or clastic into schistose products 
by molecular and physical deformation has come to be com- 
monly described i»f late as a process of differentiution. These 
are simply new and convenient terms for phenomena long 
since described bv Bisehof followed bv manv other writers. 

I have elsewhere described external local separation or 
differentiation of specular oxide of iron from a stratiform 
and probably stratified amorphous basic aggregate in the Cle 
Elum vallev in the eastern foot hills of the Cascades in Kitti- 
tass county, in the stale of Washington. The circumstances 
here point indubitably to molecular alteration incidental to 
weathering action. Several years ago I also published de- 
scriptions of superficial and otherwise local differentiation or 
concentration of specular ferric oxide from basic eruptive 
r<"»cks strictly in circumstances favorable to weathering action. 
I refer to outcropping parts of dykes and more expansive in- 
trusion* of basic diorite on the south shore t»f the island of 
Cuba, in the neighborhood v»f the very remarkable develop- 
ments of specular iron ores the origin of which I was enabled 
to tract* to replacement of emerged and disrupted o»»ral n»ok.* 
I have also described in previous pages of the Geolo^^ist 
numerous other occurrences of the same type on islands of 

♦Am. Jour, of Sc. [31 xxviii, 416; Trans. Am. Inst. Min. En^. xvin, o'13w 
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British Columbia* and have referred to still others in cul- 
minating regions of the Cascade Mts. of Washington. 

These several examples falling under my own observation, 
together with the very notable occurrences at Cranberry, all 
illustrate, though on widely different scales of economic im- 
portance, local differentiation of iron ores due to hydro-chemi- 
cal or so-called metasomatic permutations. Beyond the ulti- 
mate effect produced, in neither example is there much in 
common with original differentiation of magnetite and basic 
silicates from eruptive magmas as claimed by Brogger and by 
Vogt to have been the mode of genesis of certain magnetic iron 
ores in Norway and Sweden. Assuming for the moment the 
correctness of the conclusions of these excellent observers, it 
will be perceived that apart from conditions of magnitude 
and importance the occurrences above noticed closely simu- 
late the isolation or concentration of titaniferous magnetite 
graduating, as shown by these authors, from this extreme of 
basicity to less basic and finally acid differentiations from 
eruptive magmas. Yet on general grounds it seems open to 
suspect that even in the examples given by Vogt differentia- 
tion of iron ores at least may have been accentuated if not 
produced by slow progressive molecular or metasomatic alter- 
ation and replacement. Among identical secondary products 
alike from eruptive rocks, and from progressive alteration or 
molecular deformation of clastic rocks are magnetic and 
specular oxides of iron from basic material indifferently, 
whether eruptive or metamorphic. The instability of basic 
rocks of either classification compels extreme caution in de- 
ciding between primary rocks of this description aud deriva- 
tive products. I have taken previous occasion to comment 
more particularly on the same important point. f 

The genesis of magnetite at Cranberry both concentrated 
and more or less blended proceeded hydro-chemically, as may 
be conceived, from an originally basic aggregate — in part 
during the process of induration and crystallization, and 
likewise subsequently and even secularly, aided perhaps by 
molecular affinity and especially by mutual attraction and 
flow of magnetic molecules. Evolution of the magnetic oxide 
of iron from protoxide in uni -silicates is proof that here, as in 

*Vol. XX, 1897, p. 13. 

t Am. Jour. Sc. [3] xxviii, 429. 
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every other paragenesis of this mineral, partial peroxidation 
has supervened for the production of ferric oxide in atomic 
ratio with ferrous oxide. Saturation of ferrous oxide with 
ferric oxide for this evolution is indeed all that has arrested 
peroxidation of the lower oxide short of completeness wher- 
ever original silicates have been split up by oxidation of this 
unstable base under weathering influences. Hydro-chemical 
as well as therrao-dynamical agencies in eruptive paragenesis 
of magnetite have doubtless been far more active than in a 
metamorphic paragenesis. Physical differentiation or mag- 
matic concentration of magnetite as such into concrete ore 
bodies from molten eruptives, as urged by Vogt, is scarcely 
conceivable without supervention of further physical or molec- 
ular concentration analogous to what takes place both in 
metamorphic and eruptive aggregates. No basic rocks even 
among the most modern can ever be assumed to retain their 
original condition or inter-molecular form. 

There seems much however to support the theory that 
ditferentiation in molten eruptives may summarily take place 
in the order of specific gravity toward the borders of a mugma 
basin, or, on the Soret principle, toward the marginal parts of 
dykes or other intrusions, with the effect of a determination, 
not necessarily in stochiometric proportions, of material 
richest in ferrous oxide to such a position relative to the 
mass. Hence of course the greater basicity of silicates and 
also the greater the subsequent evolution of magnetite in 
nether parts of intrusive masses, sometimes so as to afford 
the locus of ore bodies through slow hydro-chemical permu- 
tations. That concentration of magnetite has taken place in 
any given eruptive magma except as a product of secondary 
evolution seems to me extremely doubtful, as in the case of 
all other bodies of iron ore closely related to basic rocks — 
notably metamorphic rocks. The subject of physical differen- 
tiation of igneous magma antecedent to development of 
crystalline types of igneous rocks has been presented b>^ Prof. 
Iddings in a manner which leaves little room at present for 
further citations of results of studies given to the same sub- 
ject by Brr)gger, Vogt and others.* 

*Id(ling8. Bull. Phil. Soc. Washinj^ton xii, 181)2, pp. 89, 214; Vogt. 
Zoitsch. far. prak. Geo!, i, 1803, pp. 4, 125, 257: in, 145, .%7, 444, 46f>. 

Note. Since the presentation of this paper an exact discussion of 
this hypothesis has been given by Becker. (Am. Jour, of So. in, 1897, 
21.) 
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DICERATHERIUM PROAVITUM. 

(Plate XIX.) 
By J. U. Hatc:hbr, Princeton UoiverNity. 

In this journal for May, 1894, pp. 360-361, the writer de- 
scribed under the name of Diceratherium proavitum, a mem- 
ber of the lihinocerotiflm new to the White River formation. 
In my original description of this species I was unable to see 
the proof sheets and hence some typographical errors appear 
in the text, and in at least two instances erroneous characters 
are assigned to the type. It is the purpose of this brief paper 
to correct those errors in my original description and to give 
further reasons in favor of placing this form in the genus 
Dicerntherium rather than Aceratherium. 

The type consists of a nearly complete skull (No. 10965) 
of a fully adult, in fact rather aged, individual, without the 
lower jaw. The principal specific characters are as follows : 
Skull rather short, low and broad especially in the region of 
the fi'ontals: superior surface slightly concave antero-posteri- 
orly; sagittal crest short, low and broad; strong postorbital 
processes on frontals; nasals very strong, partially coossified 
and bearing upon their upper and outer surfaces a pair of 
rugose prominences situated at about one-third the distance 
from their extremities to their junction with the frontals. 
These prominences resemble very much the rugosities sup- 
porting the nasal horns in many of the recent rhinoceroses, 
and doubtless served the same purpose in I), proavitmn. 
Behind this pair of rugosities the nasals are constricted, but 
posteriorly they expand again to meet the broad anterior 
border of the frontals. The fronto-nasal suture is but little 
in front of the orbit. In front of the pair of rugose eleva- 
tions the nasals contract rapidly and are directed down- 
ward and forward. The occipital crest is emarginate in the 
median line and overhangs the occipital condyles. The 
zygomata are rather slender but stronger than in Aceratherium 
occidental e. The post- tympanic and post-glenoid processes 
are in contact but not co-ossified. The anterior border of the 
posterior nares is situated just behind the posterior edge of 
the first molar. Of the teeth only the molars and premolars 
are preserved in the type and they are rather too much worn 
to determine accurately their characters. The first premolar 
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is rather strong and well developed, the succeeding premolars 
increase in size from in front backward. The dorsum of the 
molars and premolars is very flat with no suggestion of a 
median costa. There is a basal ridge on the dorsum of the 
true molars but not on the premolars. The median sinus is 
shallow, especially in the premolars and the first molar; it is 
obstructed by only faint rudiments of the crochet and ante- 
crochet. The anterior and post-erior valla are shallow. There 
is a cingulum on the inner border of the premolars but none 
on the true molars. The principal measurements of the type 

are as follows: 

mm. 

Length of skull from extremity of Dasals to occipital crest 475 

Breadth across frontals at post-orbital processes 165 

Hight of oQpipital crest above foramen magnum 115 

Width of nasals at rugosities 102 

Width of nasals just in front of rugosities at sec. shown in fig. la. 63 

Thickness of nasals on median line in front of rugosities 24 

Length of premolar — molar series 195 

Length of premolar series 97 

Prof. Osborn* has considered D, proavitum as a synonym 
of his Aceratherium tridactylum. In his latest communica- 
tion on this subject he says: "The large number of skulls 
in the collection belonging to Aceratherium tridactylum 
demonstrates that the species ran to two extremes, a high, 
long and narrow type, and a shorter, lower and broader type. 
The latter exhibit very prominent rugosities upon the nasals, 
which we might, with Hatcher, interpret as prophetic of 
Diceratheriuin were it not for the fact that equally rugose 
areas are found above the orbits and upon the zygomatic 
arches." 

"These two varieties of A, tridactylum are not due to age, 
but may be partly sexual. The molar structure has no con- 
stant differences." 

Prof. Osbornf in his original description of A. tridactylum 
nays: "The occiput is high and rather narrow", and again 
in a more recent description he says: J "In the type the 
nasals are perfectly smooth, (italics mine), but in another 
skull (No. 541) the nasals exhibit a pair of rugosities which 
at once suggest the possession of a pair of horns, and Mr. 

*See Bull. Am. Mus. Nat. Hist., vol. vii, 1895, p. 373. 
tSee Bull. Am. Mus. Nat. Hist. vol. v, 1893, p. 86. 
JSee Bull. Am. Mus. Nat. Hist. vol. vi, 1894, p. 207. 
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Hatcher has recently shown that this species is followed by 
another, related to the John Day genus Diceratherium Marsh. 
The distinctive features of the skull are the high, narrow 
occiput and powerful sagittal crest, etc." 

From the above it will be seen that the type of A, tridacty- 
htm belongs to the series, with skulls characterized by Prof. 
Osborn as high, long and narrow and in which the '* nasals 
are perfectly smooth " ; while the type of D. proaviturn per- 
tains to the other series with skulls characterized by Prof. 
Osborn as shorter, lower and broader and with prominent 
rugosities upon the nasals. 

As shown by the above quotation Prof. Osborn has stated 
that these two varieties are not due to age, but that they may 
be partly sexual. In view of the fact that we do not find in 
the skulls of recent rhinoceroses or other perissodactyls simi- 
lar sexual variations, I think it fair to conclude that these 
variations are not sexual, but of generic and specific import- 
ance. I therefore retain Diceratherium jjroavituin as distinct 
both generically and specifically from Aceratherium tridacty- 
lum Osborn; unless we abolish altogether the genus Dice- 
ratherium and with it Aceratherium and call them all Rhin- 
oceros as has been done by Flower and Lydekker,* but which 
does not seem advisable. 

Prof. Osborn's objection to considering the rugosities on 
the nasals of D.proavittim as indicative of horns because he 
finds similar rugosities on the zygomata and over the orbits 
can scarcely be considered tenable, since the latter rugosities 
are not in a position at all relative to that known to have 
been occupied by horns in later forms from the John Day 
beds, and very similar rugosities may be seen on the zygoma- 
ta and over the orbits in the recent rhinoceroses which are 
known to bear horns on the nasals. 

Aside from the rugosities, there are other evidences even 
more in favor of considering them as having borne horns; 
such as the great thickening of the nasals (shown in fig. la) 
in order to give them the necessary strength to support the 
horns, and the low, short and broad sagittal crest as shown 
in fig. 1. Furthermore, the geological horizon (Prptocerax 
beds) in which the type was found is just that in which we 

♦See Mammals Living and Extinct, pp. 410-411. 
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should expect to find the ancestor of the John Day form. 
When the latter beds shall have been as carefull}'^ explored as 
have the White River beds there will doubtless be found a 
series of forms running gradually from D, proavitum in the 
Protoceras beds to />. ndvenum Marsh in the John Day. The 
rugosities in the former species are, it is true, not nearly so 
prominent as in the latter, but they are in the proper posi- 
tion, and that they supported incipient horns is shown by 
every collateral character which we should reasonably expect 
to find in the White River ancestor of the John Day form ; it 
should therefore be considered as ancestral to that form. 

I present here for comparison in figs. 1 and 2 the sup. view 
of the type of D, proavitum and a reproduction of Prof. Os- 
born's figure showing same view of A. tridactylum. The ru- 
gosities on the nasals in the latter as shown by Prof . Osborn's 
descriptions in the text and as stated by the draftsman are 
taken not from the type^ but from another skull, referred to 
the same species. In fig. 1 the broad nasals, entirely conceal- 
ing the premaxillaries, the position of the fronto-nasal suture 
and the low, short, broad sagittal crest are especially note- 
worthy as contrasting with the same characters in lig. 2. 

Fig. 1. Sup. view of type of D. proavitum (No. 10965) 1-5 nat. size. 

Fig. la. Cross-sectioD of nasals immediately in front of horns, two- 
fifths nat. size. Drawn by R. Weber. 

Fig. 2. Sup. view of A. tridactylum, 1-5 nat. size, after Osboru. 
Drawn by R. Weber. 

The principal distinctive characters of D. proavitum and A. tridacty- 
lum may be tabulated as follows : 



D. proavitum. 

Skull rather short, low and broad. 
Nasals very thick, broad, and with 
prominent rugosities on sup. sur- 
face. Frontonasal suture only a 
Httle in front of orbits. Sagittal 
crest broad, short and low, almost 
disappearing. 



A, tridactylum. 

Skull long, high and narrow. 
Nasals slender and perfectly smtwth 
on sup. surface. Frontonasal su- 
ture situated well in front of or- 
bits. Sagittal crest high, long and 
narrow. 



THE FISHER METEORITE. 
CHEMICAL AND MINERAL COMPOSITION. 

By N. H. WiNCHELL, Minneai)oliH. 

For the purpose of further determination of the mineral 
which resembles maskelvnite, two micro-chemical t(^Pts wen- 
made. The particles are so small that no chemical examination 
is practicable ; viz.: 
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1. Particles belonging to group 2, i. e. glass. 

2. Particles of a translucent mineral which showed angu- 
lar fracture, and but little or no cleavage, presumed to be the 
doubly refracting mineral which is like maskelynite, and pos- 
sibly represented by groups 5 and 6. 

With the first the test revealed lime and a little soda. With 
the second were developed, along with fluosilicates of lime, a 
liberal sprinkling of hexagonal rods of fluosilicate of soda. 

There is not enough of this mineral present to warrant an 
attempt at quantitative analysis. It remains therefore unde- 
cided whether the meteorite contains maskelynite. The evi- 
dences in favor of its presence are: 

1. A feebly polarizing mineral, low in double refraction, 
occurring in the midst of the chondri and elsewhere. 

2. This mineral shows little or no cleavage. 

3. It contains lime and soda. 

4. The glass from which it seems to have crystallized also 
contains soda, and no soda has been detected in the other min- 
erals.* 



Chemical Analysis of the Fisher Meteorite. 

By C. P. Bbrkbt, Univorsity of Minnesota. 

An analysis was made of some small fragments of this me- 
teorite. Preliminary qualitative tests showed the following 
elements: Silicon, aluminium, iron, nickel, calcium, magnesi- 
um, and sulphur. Silicon occurs us the oxide, forming the 
mineral tridymite and also occurs in the silicates maskelynite^ 
olivine^ and enstatite. Aluminium, calcium and magnesium 
and a part of the iron occur in the silicates. Nickel is pres- 
ent native or possibly forming an alloy with the iron. Iron is 
present in three forms, metallic iron, ferrous oxides in the sil- 
icates, and ferric oxide chiefly as an oxidation product from 
the native metal. 

Sulphur is present in small quantity in the mineral troilite. 
No alkali metals were found. 

The bulk analysis gave : 

♦Unavoidable obstacles have delayed the conclusion of this examina- 
tion. The reader is referred to this journal for former accounts of this 
meteorite, viz, vol. xvii, pp. 173, 234, and to Comptes Rendus des 84- 
(inces de V Academic des Sciences^ Paris, 16 Mar. 1896. 
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Silica Si02 41.16 per cent. 

Alumina AI2O3 6.60 " 

Iron Calculated as Fe 24.26 " 

Magnesia Mg O 19.03 ** 

Lime CaO 4.34 " ** 

Nickel Calculated as Ni 2.26 •* 

Sulphur S . i traces 

Total 97.65 per cent. 

In the above analysis all of the compounds appear in the 
correct chemical combination with the exception of iron and 
sulphur. Sulphur should appear as FeS, but the small amount 
obtained made such estimate impracticable. A part of the 
24.26% of iron should be estimated as FeO and also a part as 
Fe203 which will then bring the analysis to the proper total 
amount. 

The lacking 2.35% should properly be accounted for in this 
way. 6.89% of iron disposed of in this way satisfies the chem- 
ical proportions. 



EDITORIAL COMMENT, 



The Geological Chronology of Reneyier. 

There is published in the Compte Rendu of the sixth ses- 
sion of the International Congress of Geologists, Zurich, 
April, 1897, an extended review of geological stratigraphy, 
by Prof. E. Renevier, of the University of Lausanne. This 
paper is a re-edition of a previous scheme of the sediment- 
ary formations, and hence it embodies the results of long 
study on a subject to which the author has devoted much 
labor. It deserves, therefore, to be received with a cordial 
welcome, and despite its errors, if such it has. the geologists 
of the world will render their gratitude to Prof. Renevier for 
a sincere and persistant attempt to systematize the strati- 
graphic nomenclature of their science. 

It goes without saying that it is vain to attempt to satisfy 
all, in such a work. There are so many special phenomena, 
viewed by so many different geologists, from so many points 
of view and under so varied opportunities of reaching the 
truth, that much confusion and even of contrariety of opinion 
have arisen, a fact which sometimes is plainly reflected from the 
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printed pages that have been devoted to these terranes; but 
which, in too many cases, is left wholly screened under the 
vagueness of presentation, or is left to be adjusted by some 
later investigator, who, not being familiar with the locality 
nor with the precise scope of the terms already employed, 
doubles the difficulty by duplication or division. There is, 
therefore, no legitimate recourse open to the present genera- 
tion of geologists but to resort to the "law of priority" in 
the selection of terms for stratigraphic divisions, and to rele- 
gate to synomymy all \titer terms applied to the same forma- 
tions, so soon as it is sufficiently demonstrated that the form- 
ation named in the two countries, or in neighboring states, 
really is the same. 

There is, of course, one other method to be pursued, a prac- 
tice that is introduced into the United States by the United 
States Geological Survey, viz. : begin de novo, re-examine and 
remap all the formations previously mapped and named, and 
apply to them new terms, ignoring all previous designations. 
That may be justifiable on the part of a grand national sur- 
vey, from some points of view, but from others it is not. In- 
deed, it is quite unjustifiable and unjust, from the historical 
point of view, and also will serve in the distant future to 
breed still greater confusion and discord; for, however great 
the present authority with which results are reached and 
names applied to the formations, the future will certainly fur- 
nish a greater and a more exact science, and our present 
labors will be considered juvenile in comparison with those, 
and will perhaps be swept into the waste-basket with as little 
compunction as we so treat the labors of our own predeces- 
sors. Therefore geological nomenclature cannot be consid- 
ered stable, except momentarily, unless it be based, as already 
stated, on the law of priority, same as in the biological sci- 
ences. 

This basis of nomenclature Prof. Renevier has adopted, 
and that gives to his scheme a standing value and durability 
which will commend it for many years to all geologists. 

Unfortunately one geologist cannot compass fully the liter- 
ature, and judge of the value of all the contributions from 
all parts of the world. The author of this paper therefore 
advised with many European fellow-geologists, audit maybe 
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true to say that, for the distinctively European terranes, es- 
pecially for all those later than the Paleozoic, the classifica- 
tion which he has adopted, and the nomenclature published, 
will be found acceptable to the great majority of geologists, 
the world over. This cannot be said of the Paleozoic, and 
especially of the Lower Paleozoic. His list of advisers em- 
braces no American, and among the English he names Lap- 
worth only. While, therefore, the face of his "Resume du 
chronographie chronologique" to an American has a decid- 
edly European aspect, to the English geologist it must pre- 
sent an aspect decidedly continental. Perhaps the most re- 
markable feature in the tabulation is a rather promiscuous 
sprinkling of American terms near the bottom of the table, 
for they are inserted without due reference either to their sig- 
nificance and scope, or to their proper correlation. The most 
of the late American researches on the lowest stratified rocks 
are not expressed, and, strange to say, having chosen Lap- 
worth as collaborator of the Silurian, he sets aside Lap- 
worth's judgment on an important question of stratigraphy 
and nomenclature relating to North American Paleozoic, and 
introduces, in the foremost rank, as characteristic and au- 
thentic, some American terms that are but rarely seen in re- 
cent American literature devoted to this horizon. Following 
is the author's arrangement of the bottom of the Paleozoic 
and the older rocks : 



Periode ou Syst^me. 



Kpoque on S^rie. 



kge ou 6ta^. 



Synonymes f(6n6raax 
les plus usit6s. 



Silurien 



Silurique -{ Ordovicien 



Cambrien. 



Arch^ique 



Huronien. 



1 



Laurentien. 



I 



i Ludlovien 
j Wenlockein 
( Landov^rien 

Caradocien 

Landeilien 

Ar^nigien 

Potsdamien 

M^n^vien 

Georgian 

( K^weeoien 
\ P^bidien 

( Arvonien 
\ Dim^tien 
( L^vesien 



^ Goth 1 and ien ou 
[ Silurien 
) Bup^rieur. 

\ Silurien infer, ou 
V Cambrien 
) sup^rieur. 

\ Tr^madocien. 

[ Acadien. 

) Tacopien (Lapw.) 

) Pr^cambrien 
) ou Algonkien. 

Arch6en . 
Azoique. 
ProtozoiquG 
ou Eozoique. 
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There are several striking features, which we will not here 
designate errors, to which attention may be specially di- 
rected : 

1. The Silurian, as a system, covers and includes the 
Cambrian, and the term Cambrian is reduced to the rank of 
s»uch a term as Ordovician. 

2. Silurian as an epoch is made to include only what is 
usually known as Upper Silurian. 

3. The terms Upper Silurian and Lower Silurian are given 
as synonyms, the former of "Silurian" and the latter of Or- 
dovician. 

4. The Taconic is placed above the Keweenawan. 

5. The Taconic is given as a synonym of the Lower Cam- 
brian, on the authority of Prof. Lapworth, who, according to 
the author, wished to substitute it in the scheme for the term 
Georgian. 

6. The Keweenawan is placed in the Huronian, that being 
the position in which the rocks it includes were placed by 
Logan and Murray when they first defined the Huronian. 

7. The whole space occupied by the above is about one- 
sixth of the space of the whole column of formations, which 
expresses a wrong idea of the relative time which they rep- 
resent in geological history ; it is probable that these terranes 
consumed, in their accumulation, as much time as all subse- 
quent geological time, and to them have been given as much 

study and as much literature as to all the later formations 
combined. 

8. The Arvonian and Dimetian are placed in the Lauren- 
tian, but the Pebidian is put in the Huronian; whereas, ac- 
cording to Sir Archibald Geikie, these are intrusives and be- 
long in the Lower Cambrian. 

It is evident to any geologist who is familiar with the geol- 
ogy of the Lower Cambrian and of the Archean, that this is 
a very inadequate and incorrect presentation. It is further 
evident that it is difficult, perhaps impossible, for any geolo- 
gist who has spent his time for several decades in the study 
of the stratigraphic distinctions of the Tertiary and of the 
Mesozoic, to fairly understand the magnitude of the earlier 
terranes, or to apprehend the great place they occupy in the 
history and the literature of the science. 
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Riihs'b <\>llectiov of Lake Si'PiiRiiiR Kocks. 

It ii^ a pleHsiire to commend to geologists the collections r>f 
rock specimens illustrating the petrography of the lake Su- 
perior region, which have been prepared by Mr, Oscar Rohn 
of Madigon, Wisconsin. 

The collections are of a high order of excellence. The ispec- 
imens are of the freshest materiul from localities selected un- 
der the supervision (if professor Van Hise and are of remark- 
ably uniform and correct proportions. 

They are accompanied by large chips for the preparatiou 
of thin sections. They illustrate thepre-Cambrian formationrt 
of a classical region and are rendered increasingly valuablf 
by the references which accompany each specimen to the works 
of Fumpelly, Marvine, Irving, Van Hise, Lawson and Bayley. 

It is possible, with such u collection, to master the petrog- 
raphy of this famous district to a degree which would be oth- 
erwise unattainable. 

The remoteness of the region and the expense of a journey 
render a visit inipructiciible to the average student. 

Such typical illustrative material, systematically described 
by high authorities, assists in the understanding of all metti- 
morphosed crystalline rocks and is invaluable to educational 
institutions and to students of pre-Cambrian geology in any 
country. f, b. 

The Terminations -ic ano -icau 

There is much confusion in the use of these itHxes, and the 
following rule, promulgated by the U. Si. Geological Survey, is 
not only authoritative and well founded, but has been very 
generally adopted by the geologists of the United States. 

K. B. w. 
27. To insure uniformity of practice in the Bpelling of a large daaa of 
acientific n'ords ending in ic andicat, as geologic, geological, geographic, 
geographical, etc., the following preferences are suggested for the con- 
sideration of those who demur to the practice ot dropping the a1 entire- 
ly — the only usage deemed consietwit with the claims of an improved 
orthography : 

(a) l^rms desigDatiDg natural phenomena, relations, ct>Ddilions, pn>- 
dHcte, etc., may end with ic. 

(b) Terms designating the works of man — research, literature, apec^ 
Ic— iiiaj' end with ieal. 

Applying these rules to the teniis geologic and geological (or example. 
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Geologic formation, Greological survey, 

structure, map, 

conditions, bulletin, 

relations, report, 

evidences, exploration, 

period, hypothesis, 

fige, time, etc. society. 

('^Suggestions for the preparation of manuscript and illustrations for 
publication by the U.S. Geological Survey." By W. A. Croffut. Jan. 
1892. P. 8.) 

REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Syllabus of General Geology for StudentH, lolth definition h and refer- 
vucen. By Christopher W. Hall. (8vo, 127 pp.; Minneapolis, The 
University B(X)k Store, 1897.) This syllabus, planned as a guide for 
students in the study of the general principles of geology, is intended 
more especially for the use of the author's classes in the University of 
Minnesota. Hence there is considerable of local illustration and atten- 
tion is called, by excursions when possible, to those geologic phenome- 
na which find expression in the vicinity of Minneapolis. This feature, 
however, will by no means destroy the usefulness of the syllabus in oth- 
er institutions of learning, as the purely local matter can be disregard - 
ed and similar material for any locality can be supplied by the in- 
structor . 

The subject is divided into two parts — physical geology and histori- 
cal geology. Under the first are included geo-dynamics, structural ge- 
ology, physiographic geology and mineralogy; while under the second 
are petrographic, paleontologic and stratigraphic geology. This man- 
ner of division is followed throughout the syllabus excepting on the 
sixth page where the author presents his general classification of the 
science of geology, dividing it into three main sub-divisions, — geogra- 
phy, petrology and paleontology. The first includes meteorology, ocean- 
ography and physiography; the second, geo-dynamics, structural geol- 
ogy, mineralogy and petrography; and the third, paleobotany, paleo- 
zoology and stratigraphy. 

There are two important characteristics of this syllabus which ren- 
der it possibly unique among geological syllabi, — first the presence of 
definitions and second the wealth of detail. The definiti<ms are numer- 
ous, but brief, and in many of them the wording is that of the author. 
In this connection it is interesting to note that the exact wording of any 
definition, adopted by a geologist, as evinced in the numerous text books 
on this science, frequently differ slightly from that given by any other 
writer in this line. The size of the syllabus (127 octavo pages of brevier 
type) is an indication of the amount of detail which it contains. This 
detailed treatment of the subject represents a great amount of work on 
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the part of the author and will be of advantage to the student who is 
already somewhat acquainted with the elements of geology. But the 
reviewer questions the advisability of presenting so much detail to the 
student who is totally unfamiliar with elementary geology, and who has 
only a brief p3riod, possibly one or two terms, to devote to this subject. 
But at the same time to the teacher who must present the subject thus 
briefly and to the som*^what advanced student this character of the syl - 
labus will appeal favorably. u. s. o 

The Glacial Lake Agassiz, By Warren Upham. Monograph xxv, 
U. S. Geological Survey: 4°. xiriv, 658 pp. 38 pis. Washington, 1896. 
Geologists on both continents have awaited for some time the appear- 
ance of this elaborate monograph on the great glacial lake which once 
occupied central North America, whose features had been partially 
described in previous papers by Mr. Upham aud touched upon by 
other observers. The several years devoted by Mr. Upham to the field 
work and elaboration of results bear excellent fruit in the carefully di- 
gested and admirably arranged discussion found in this volume which 
made its appearance a few months ago. The work so well begun under 
the Minnesota Survey has been greatly increased in value by the ex- 
tension afforded by the United States and Canadian Surveys. 

After a general introduction outlining the lake area and early ob- 
servations, together with methods of study pursued by the author, the 
reader is made acquainted with the physical features of the area 
covered by the lake and of neighboring districts. The geologic forma- 
tions underlying the drift are then discussed and their relationship to 
the physical features briefly touched upon. These formations are dis- 
cussed both in the light of surface outcrops and of deep well records. 
The author concludes that the greater part of the area of lake Agassiz 
was once covered by Cretaceous deprjsits and that the main physical 
features have been produced in post-Cretaceous time by processes of 
denudation following a widespread or epeirogenic uplift. A broad 
plain or base leveled region was formed far below the uplifted Cre- 
taceous surface, whose reduction to base level is thought to have occu- 
pied not only the Eocene and Miocene periods but also most of the 
Pliocene. This base leveled region, stretching from the Rocky mount- 
ains eastward to the Archaean hills on the east border of lake Agassiz, 
and northwestward past Hudson bay is thought to have been drained 
in Tertiary time into the Atlantic between Labrador and the southern 
point of Greenland. An uplift of this base leveled region followed in 
the late Pliocene, during which the trough of lake Agassiz is supposed 
to have been formed. The depression of Hudson bay beneath the sea 
is referred to the time of culmination and departure of the great ice 
sheet. The course of the pre-Glacial rivers flowing from the Creta- 
ceous area west of lake Agassiz after the late Pliocene uplift, was 
probably northeastward across the Hudson bay basin. The present 
channel of the Missouri river, as shown by general Warren and profes- 
sor Todd, dates only from the Glacial peritxl. The pre-Glacial drain- 
age of the upper Missouri watershed may have occupied the JameR 
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river valley and led northward from it or perhaps continued across it 
eastward to the Red River of the North. 

Following this discussion there is a brief review of the Glacial period 
in North America and discussion of glacial deposits. A map of the 
glaciated area of North America shows the position of the ** Wisconsin" 
boundary as well as the older Glacial boundary and of lakes Bonneville, 
Lahontan and Agassiz. The courses of glacial movement are indicated 
nK)re completely than in any map of North America before published and 
several pages of text are covered with a list of striae in the north part 
of the continent, presented as an appendix to the volume. The shifting 
or change in direction of ice currents in Minnesota and neighboring 
districts, which was brought to notice some years ago by Mr. Uphani, 
is here treated in connection with a description of the several moraines 
of the Wisconsin series. Very little attention is given the older drift 
sheets of America, and the intervals of deglaciation by which they are 
separated from each other and from the Wisconsin drift. As a conse- 
quence the discussion may give the impression that the production of 
the Wisconsin series of moraines occupied the greater part of the 
Glacial period, a view which the author would certainly not wish to 
maintain. 

The history of lake Agassiz which forms the central theme of the 
paper is introduced by a brief reference to the evidence by which the 
former existence of glacial lakes is recognized, five evidences being 
noted as follows: (1) Their channels of outlet over the present water 
parting; (2) cliffs eroded along portions of the shore by the lake waves: 
(.3) beach ridges of gravel and sand: (4) delta deposits formed by in- 
flowing streams; and (5) fine sediments spread widely over the lacus- 
trine area. Of these evidences the one most definite in its testimony to 
the influence of the ice sheet is the lake outlet. These outlets in sev- 
eral cases are found leading away from basins which are now drained 
by continuous descent in the opposite direction. The basins present 
no indication that the lakes were formed by any land barrier across 
their lower portions, which has since been removed by erosion or by 
depression. The case is made very strong where shore lines that con- 
nect with the former outlet are found to rise in elevation when traced 
toward the present outlet instead of sinking in that direction, as they 
would do if there had been a removal of the barrier by depression. 
That such is conspicuously the case with the shores of lake Agassiz 
has .been brought to notice in earlier papers by Mr. Upham and is well 
shown in the course of this monograph. In view of this clear evidence 
against the occurrence of a land barrier it seems remarkable that the 
hypothesis of a land barrier, as the cause for lake Agassiz, should have 
been favored by professor Dana in the last edition of his Manual. (See 
pp. 947 948, 985-986). Lake Agassiz is but one of several glacial lakes 
which exiRted in the northern United States and Canada and the oc- 
(rurrence of several of these glacial lakes is briefly touched upon by Mr. 
Upham. 

Evidence is produced to show that lake .\gassiz became gradually 
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extemled northward with the departure of the ice sheet. This 
evidence consists not only in the occurrence of morainic belts in the 
b:isin occupied by the lake, but also in the absence of the upper beach 
in the northern latitudes. The upper or Herman beach can be traced 
on the west side of lake Agassiz from the outlet northward to the north 
luirt of the Pembina escarpment, a few miles north of the international 
Uiundary, but has not been found farther north. During the time oc- 
cupieil in the formation of the Herman beach four moraines were 
formeil and the ice border withdrew about 150 miles in Minnesota and 
l.V) to dX> miles in North Dakota and southern Manitoba. Mr. Upham 
thinks it pri>bable that the border withdrew not less than .'KX) miles in 
the Reil River valley, where lake Agassiz produced a more rapid break- 
ing down of the ice margin than on the neighboring land surfaces. At 
the cK^se of this stage of the lake the outlet had been cut down at least 
25 feet and po^siblv 50 feet but this erosion was entirely in glacial de- 
ix^its. 

At the close of the Herman stage the lake prol>ably had an area of 
alntut ^»AXX> square miles but it is thought to have subsequently ex- 
ivtmleil to at least 100,000 square miles i»r about the c«)mbined area of 
Wii^x^nsiu and Illinois and considerably more than the combined area 
of the live great Laurentian lakes. Before northeastward outlets be- 
gan to drain lake Aga^isiz the Inirder ol the ice sheet had probably been 
meinxl Iviok fr\>m the prei*ent lake Winnepeg far toward Hudson bay 
and the outlet at the s^>uth had been cut down to a depth of about 90 
feet Ivlow the level of the Herman l*each. With the unc*>vering of the 
Neis*i^n river, lake Aga^^iz cea^^ to be held by the ice barrier and be- 
came /<Uv iriHUf/iry, 

In the ^>uth part of the area of lake Agassiz five principal beachee 
have Ixvn obs»erved anil nameil frv»m towns in Minnesota near which 
they are wt>il exhibittnl, the Herman. Xi^rcriKSigk Tintah, Campbell and 
McOauley ville Ivache^. The^^e beaches ^^parate into distinct beachlets 
when trace^i north into Manitoba, there being f*even beachlets cnrree- 
IxHkiing to the single Herman beach at the «*uthern outlet, two beach- 
jets each for the Xororvtss ami Tintah. and thir^ each for the Campbell 
aixi MoOAUie>vii;e Ivaches, After the lake o^naineii its earliest oat- 
;el to the DortheA<t it fi>rme^l fourteen shore linens. There are thus 
4hirt>*-one separate shore lines in the northem p^^^rti^^ of this Sake arm 
and Dear;y a:'. ev»en*i A>uth of the international boundary. The 
v*hai;gws in ievel during the pen»xi of A>uthwani di^acharge are due 
priDvnpally to liifferential northward uplift, iHily a sojal: ejement of 
v-hange being diie to lowering of lake ievei by er.^».»n of its outlet- The 
ajthor e??t2 mates that ther? was a si»:hl up.ift of the tMJti'ei amounting 
p^iasiKy To ^' fer^t \\\\ perhaps nv^T ev.>r*iviing 5i» feti. The north part 
of the hasir; was ;3pi;f«<vi :^V lo ;^v ft^^t v»r nivvre. the an>T>unt hecofnin|r 
grwiter fr.>ni s^iv^i^h to i>v^nh. The Ivvs.-hes or, :hr easTera shon^ are 
upiift<vi more than ih.-**^ .tn :ht^ «e>u rr. ar^.i The ra:* • of the eastward 
ascvct to the gTYjitt r r?v»r;h*.'»r*.: as^vr.: .Tviiv-jiTt^ ^^a; :he uplift 
fnM& iVMHii-^"*uih«esl to r./»r:h r.,>rthtvs>» Tr^t or.Aruivs of >\^ei8 
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nearly completed during the existence of lake Agassiz while the ice 
sheet formed a barrier to prevent free drainage to Hudson bay from 
lake Winnepeg and the Red River of the North. A slight change in 
continuation of this uplift has, however, taken place since the ice sheet 
ceased to be a barrier. In discussing the causes for the changes of 
levels it is shown that two causes, gravitation of water toward the ice 
sheet and changes in temperature of the earth's crust due to the ice 
sheet, are of minor consequence, and that epeirogenic movements are 
the chief cause. The author concludes that crust deformation by the 
ice sheet is an important, if not the main cause of the changes of level, 
there being downward movement beneath the thicker part of the ice 
followed by a pai'tial return to the pre-Glacial attitude upon the disap- 
pearance of the load at the close of the Glacial period. He inclines to 
the view that there is phistio material at depths of but a few miles 
which was displaced somewhat by the sinking of the earth's crust 
under the ice weight and which flowed back by gravitation when the 
load was removed, thus restoring the crust approximately to its former 
position. In this connection attention is called to the fact that epeiro- 
genic movements have been close accompaniments of glaciation 
throughout the world, and a causal relationship between these move- 
ments and glaciation is inferred. 

The duration of lake Agassiz is estimated from the size of the outlet 
and the strength of the beaches to have been included within a period 
not more than one-seventh the length of the period since the ice sheet 
disappeared from the Laurentian highlands. This period the author 
thinks to be but 6,000 to 8,000 years in length, his estimate being 
based upon various measurements and computations by independent 
investigators concerning the length of post-Glacial time. The duration 
of lake Agassiz is, therefore, placed at 1,000 years or less. The great 
deltas on its borders, formed by inflowing streams, which in some Erases 
contain several cubic miles of material, are thought to have been built 
up largely from the deposits contributed by the melting ice sheet, 
while still covering the head water portions of the valleys with which 
they are connected. Their bulk in some cases is more than sufficient 
to till these valleys. It is, therefore, difficult to make an estimate of 
the duration of the lake by a measurement of these deltas. In the re- 
viewer's opinion few of the time estimates upon which Mr. Upham's 
calculations are based are substantiated by such accurate data as are 
brought forward in support of his estimates and conclusions on other 
subjects. The treatment of time relations is at present necessarily 
somewhat defective both because of the meagerness of available data 
for computation and the imperfections in method of calculating. The 
wide range in recent estimates of the duration of Niagara falls (from 
.•],500 years to 32,000 or more) illustrates the uncertainty of such com- 
putations as are used by Mr. Upham in determining the duration of 
lake Agassiz. 

Thus far shells of but five species of mollusks have been found in the 
beaches discussed in this monograph. These are all fresh water 
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spectefi. In the beacbee cooDected with the southern outlet a single 
BpecieB has beiri found. Uniii elli/tsis Len, a coraronn epeciea of the 
upper MisBiBsippi re);icm. Tbe retuaindor are fouod in a beach cod- 
nected with a DortlieaBterii outJet. The ac-aruily of life in this take 
may support thi; view of brief duration, though the coldnesB of the 
waters was probably intluentialin checking the spread of molluscan life. 
There appears to have been a geoeral absence of life in other glacial 
lakee of the northern United States and Canada throughout most of 
their exietence. As yet it is not known that any of them became well 
stocked with life until glacial conditions had ceased their influence. 

About 200 pages are devoted to a detailed description of the shores 
■ if lake AiiasRiz. embracing the authur'ti work and additional data 
turnished by Mr. J. B. Tyrrell, of the Canadian survey. These dea- 
criptiooe are act^nipanieil tiy a series of maps which set forth the dis- 
Iributiiin and relations of the lieaehes very clearly. The monograph 
throughout is well illustrated by maps, views and diagranis. 

In addition to the discussion of the history of this region a compre- 
hensive statement concerning its economic resources is presented. 
Sixty pages are devoted to the arteaian and common wellaof the Red 
river valley, and analyses of their waters. The use of artesian water 
for irrigation is briefly discussed. The agricultural roeourees of this 
far famed wheat belt are given forty-two pages and the geological re- 
sources which are rather meager f.re given eight pages. There are two 
appendices, one preaenting a table of glacial strite. the other notes cod- 
I'erning the aboriginal earthworks found within and near the area of 
lake Agassiz. f. i.. 

Tke Olapial Briek Clayi' of Rhiide Ishtnd mid iotillitaalern .Vassa- 
chuaell*. By N. S. Shaler, J. B. Woodwobth, and C. F. Mabbct. 
(From the Seventeenth Annual Report. U. S. Geol. Survey, for 1895-96. 
Part I, pp. 951 1004, with two plates and ten figures in the text ; Wash- 
ington, 1896.1 The average thickness of the till in eastern Massacliu- 
setta is estimated altout 15 to 20 feet, and the proportion of its materia I 
which has the same character as the stratified clays and finely pulver- 
ized rock flour forming the beds described in thia report is thought to 
be only about ten per cent. Therefore the extensive and thick beds of 
fine stratified drift found at low levels, and chiefly northward at the 
mouths of valleys, from New Jersey to Nova Scotia, derived from the 
glacial erosion, are regarded as proof that the North American ice- 
sheet, like the glaciers ot Switzerland, discharged far more of its fine 
drift by subglacial streams than the part which remained in the mo-, 
mines and general sheet of till. From the absence of ripple marks and 
currant bedding. Prof. Shaler infers that the coast was d<'pressed sev- 
•nl haiidr«d feet, being covered to that extent by the sea .idjoining the 
raeediDg tce-frant, when these clays were depneitcd. 

B»e geological sequence and geographical distribution of the clay beds 
r of Ibis region are iltmrilird by Mr. Woodworth, with a careful discus- 
Iflion of the time relHlJi.m? iif the glacial and stnititied drift formations 
a NiitiKkat, Martha's Vineyard, and Block island, and on the main- 
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land northward. He recognizes three stages or epochs of glacial ad- 
vance, divided by intervals of recession : and he refers the deposition of 
the stratified clays mainly to the closing part of the second glacial epoch. 
This appears to correspond with the lowan glaciation in the Mississippi 
basin, with its attendant deposition of the greater part of the Missis- 
sippi valley Ujess. 

Marbutand Woodworth, in the third chapter of this paper, give many 
details of the clays about Boston, where they estimate that the marine 
submergence at the principal stage of clay deposition exceeded 100 feet. 
Sections of thick stratified clays are found in a few places overlain by 
till : and in Somerville such later till is amassed in drumlins. The 
bedded clays, referred to the time of glacial retreat at th« beginning of 
the last interglacial stage or epoch, are believed to have been covered 
and largely eroded by a subsequent great ice advance which reached 
Houth to the terminal moraines of Nantucket and Cape Cod, Martha's 
Vineyard, and Block and Long islands. 

This pap)er is noteworthy as the first to claim for the Atlantic seaboard 
a series of glacial advances and recessions similar to those of the interior 
(if the United States, with a very long interval between the earliest and 
the latest glaciation. The conclusion that the great recession of the 
ice sheet accompanied with the deposition of the stratified clays, from 
near the farthest limit of glaciation back at least to Boston, wtis follow- 
ed by a re-advance to almost the same limit as before, is not so fully 
supp<3rted as the greater lowan glacial re-advance, which indeed appar- 
ently belonged to an earlier time in the Glacial period. No remains of 
an interglacial soil and forest are discovered in New England, nor east- 
ward of Ohio, like those which farther west lie beneath the lowan till. 

w. u. 

The Moraines of the Missouri Coteau and their Attendant Deponitn, 
By James Edward Todd. (Bulletin No. 144, U. S. Greol. Survey, pp.71, 
with 21 plates and three figures in the text. 1896.) The chief theme of 
this bulletin is a detailed description of the looped and complex series 
of marginal moraines which were accumulated on the borders of the Da- 
kota lobe of the ice sheet during its retreat from the Missouri river on 
the boundary between Nebraska and South Dakota, northward to the 
Northern Pacific railroad. Four stages of the glacial recession are mark- 
ed by concentrically parallel belts of very knolly and bouldery drift, 
which, however, in some parts of their courses interlock and merge one 
with another. Lake Dakota, which occupied the valley of the James 
river for some time after the ice-lobe was melted away, is shown to have 
attained a length of 170 miles, a maximum width of 25 miles, and a depth 
of about 150 feet. Numerous plates, reproduced from photographs, pre- 
sent very clearly the various types of scenery and drift formations of the 
f)rairie plains and hills of the Dakotas east of the Missouri river, w. u. 

(Jiacidl Obaervations in the Unwnak District, Greenland. By George 
11. Bakton. (Report B of the Scientific Work of the Boston Party on 
the Sixth Peary Expedition to Greenland, Technology Quarterly, vol. x^ 
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pp. 2133J1. with a map, thirteen plates, from jiholt^ruphH, aod eight 
figures in tbo text ; June, 1897.) This linely illustrHtod I)Hpl^^ treats of 
the inland ice and its valley glaciere Id ttie rcgbn uC the lat^e UniAoak 
fjurd. at lat. Tl degrees. Dear the middle of the west coast of Greenland, 
iDc;ludinK the Karajak, Itivdiiareuk, and niaoy smaller eiaeiere. The 
it* borders arc alwaja very steep to a hight ut 20 to 10 feet or more, be- 
ing tiften precipitous, vertical or overhanging. Nearly everywhere they 
exhibit dietinct layers, and the upper ice layers in some places project 
and appear to have moved forward faster than thoce next below. Very 
little drift was seen incluacd in the ice, cveo near its base: hut well de- 
lined moraines adjoin the ice front or are sometimes separated from it 
by a stream fed by the ice melting. Evidence of recent and long con- 
tinued glacial recession was observed. During the maximum eitension 
vt the Greenland ice-sheet, it is shown, by its erosion and rounding of 
the roL'k outlines, that it tilled the Umanak fjord, enveloping its ujImdOii 
and the contiguous Nugsuak peninsula, and reaching beyond the pres- 
ent outer fosst line. Likewise the ice-sheet of Baffin land is known to have 
ttowed out into Baffin bay. The author therefore raises aqueatiou, which 
perhaps can never tie certainly answered, whether these ice sheets from 
the east and west became confiuent, passing thence southward whert 
the present Ilea is about 2.i)00 feet deep in Davis strait. With the greater 
preglacial altitude of the land, such extension of the arctic ice fietdd 
seems pi)ssible or even probable, while yet the mountain tops on the- 
border of the high Greenland plateau may have risen at the same time 
as nunataks above the ice surface. w. v. 

A HamilMiok »{ llie Geneiii vf flu- Xorlh Atiterintn Palixozoic 
Brgiizon. By Grokiie B. Simpson. (Fourteenth Annual Report of the 
N. V. state geologist, 1897, pp. 10.1-666, pis. l-2i>.| The laudable inter- 
est of Prof. James Unll in the younger generation of paleoutologiats. 
after having provided us with the excellent guide to the study of the 
Briu-.hiopoila by professors James Hall and John M. Clarke, now pre- 
sents Mb with a translation of Felix Bernard's Principles of Palaeontol- 
ogy, and a "Handbook of the Cienera of the North American Pal»ozoiv 
Iirgot<iA'' by George B. Simpson. 

The latter work will be especially welcome to students, as the geolog- 
ical and palwontological importance of the much neglect«d bryosoans 
has steadily increased since their riuh development in the older form- 
ations of North America became known. 

Th(- handbook begins with a historical introduction, in wbidi a great 
amount of widely scattered literature has Ijeen used to show the devel- 
opment of our present conception of the bryozoans. A bibliography ot 
the living forms, i-overing the time from Iri09 to 188^ accompanies this 
chapter. This literature bus further served to give a quite complete 
description of the anatomy and develapnent of the bryozoOina, the un- 
derstanding of which is aided b> tiuin.?roiis ilkintralioiiH. 

The restriction of the following t-fanjitiT un thi' cliissiticalion to ud 
enumeration of the families and ge newi ta wiso ou account of the still 
uDButiefactoiT t 
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a<(reenient with the educational character of the work, Mr. Simpson 
takes a decided stand against ''giving too much weight to microscopical 
characters, which not one student in ten can detect, to the neglect of 
more obvious characters, which can be observed by any student of 
ordinary scientific penetration." This refers especially to such micro- 
scopical characters as, for instance, have been found in the structure 
of the cell walls, and which not only needs the trained eye of the raicro- 
scopist to bo detected, but which also must have been changed by the 
process of fossilization. A rather regretable result of the author's re- 
gard for the defects of the students is the omission of a chapter on the 
fossilization and methoils of study of these forms, which, on account of 
Mr. Simpson's great experience in investigating those mostly minute 
fossils, would have brought out much valuable information. 

A bibliography of the fossil bryozoa s of North America and an enum- 
eration of the genera and species of American palieozoic bryozoans 
with references to authorship and the geologic formation in which they 
occur, are further given. 146 genera and nearly 1,100 species are 
enumerated. 

The principal part of the work, the description of the families and 
genera, is accompanied by numerous text-illustrations and 25 plates of 
generic illustrations, which, drawn by the author himself in his well- 
known artistic and careful manner, undoubtedly constitute one of the 
most attractive and valuable features of the hand-book. The following 
new families: IntrapoHdoe, Actinotrypidce^ Clathroporidce, Thamno- 
frypidcB^ Arthroclemidce^ Rhomhoporidce., BactroporidcRy Chilotrypi- 
d(v, FistuliporinidWy Odontotrypid^y CeramnporellidcBy ReptaridiE, 
and the genera: Lyroporidra^ Anastoniopora, Thamnocellaj Sticto- 
velUiy Stictoporinay Fiatnliporinay FistuUporellaj PtilorelUiy FistiiH- 
poridra and FtHtulicella have been created. The FiMuUporidiv, are 
regarded by the author as true bi-yozoans, because forms of FiHtulipora 
gradually pass into other genera, undoubtedly Bryozoa. The monticu- 
liporoids are also placed with the bryozoans, though the author is con- 
vinced that further study will show that some of the forms, at least, 
must be associated with corals. .\s Mr. Simpson remarks in the intro- 
duction, ** there is but little doubt that all the forms which are here 
placed in the family Amplexoporidce and other allied forms are not 
Bryoz'Hi. Any form which increases by fissiparity or by coenenchymal 
gemmation, must of necessity be considered as a coral." Numerous ex- 
tracts of the discussions of Nicholson, Waagen and Koch, as well as 
the last investigator's observations on the various forms of gemmation 
and fissiparity are given in order to enable the student to form his own 
opinion on the systematic position of the monticuliporoids. 

It is much to be hoped that the accomplished pelaeontologists of the 
survey of the state of New York will continue in their fruitful endeav- 
ors for the students of palseontology. r. r. 

Description giologique de Java et Madonra, par Dr. R. D. M. Ver- 
BEEK et R. Fennema, Ing^nieurs en chef des mines des Indes Neerlan- 
daises. Two vols., royal octavo, and a geological atlas. Amsterdam, 
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1806. This work, begun in 1881 under Verbeek, has been prosecuted, 
with interruptions, till 1896, including the time required for publication, 
and in the meantime several other geologists have assisted, and several 
other important enterprises have been completed, the most important 
being, perhaps, the exploration of the volcano Krakattni after the meua- 
orable eruption of August, 1883. 

The geologic range of the rocks described, belonging to Java, is from 
certain ancient schists, seen at the islands Karimoun diawa, whope age 
is undetermined but earlier than the Carboniferous, to tiie Tertiary and 
the modern. There is, however, a great interval from the oldest schists 
to the Cretaceous, unrepresented by any geologic formation. The fol- 
lowing table expresses the percentage of superficies occupied by the va- 
rious rocks. 

per cent. 

The oldest schists (only at Karimoun diawa). . 0.046 i 
Cretaceous, including eruptive rocks (gabbro, [ 

diabase, quartzose porphyry te» 0. 125 . - .....j. 

Eocene, including eruptives 0.232 f 

Oligocene, including eruptives 0.004 | 

The oldest andesyte and basalt 0.723 j 

Neo-Tertiary Mi 14.419 i 

Neo-Tertiary M2 13.526 5^37.752 

Neo Tertiary M3 9.807 1 

Leucitic and phonolitic rocks 1 .590 \ <y, ga* 

Volcanoes 26 . 031 > 

Quaternary 21 .024 ) 00 ±11^ 

Moilern 12.446 N '^ ^^^^ 

100.000 

If all the superficies older than the Micxrene. including the eruptive 
rocks at the base of the Miocene, be grouped together, they constitute 
therefore, as remarked by the authors, only one j)er cent, of the surface 
of Java: the Miocene forms 38 per cent.; the volcanic rocks 28 per cent., 
and the post-Tertiary sediments 33 per cent. 

The oldest schist, which is supposed to be of the same age as that 
which also appears in Sumatra and Borneo, is ismsidered to be either 
Devonian or Silurian. 

The Cretaceous betls are referred to the Senon>ian, but not with pos- 
itiveness, there being a scarcity of fossils. 

The sediments of the Tertiary anti their volcanoes occupy the chief 
place in the descriptive portions of this work. 

One hundnx^ and thirty -one volcanoes an* liat^nl by name, ranging 
from an altituile of 3676 metres to 63 metres, Krakatoa l)eing 822 metres. 
Of these volcanoes 20 are said to be active, although any one of them 
is liable to resume activity. The highest volcauoes are, in general, the 
most active, Krakatoa being however an exception. It had, still, been 
in repose for 203 years before the eruption of 1883. A moderate estimate 
of the amount of matter ejected at that time makes at least 18 cubic 
kilometres. Compared with this the volume of rock ejected by the other 
much larger TolcaDoes of Java must have been at least ten times this 
volume, and probably more than fifty times, in the fonu of lava streams 
and Bheeta andiokwilB mIi and 
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In the case of the volcanoes of great hight the comi)08ition of the rock 
ifl most uniform. With the exception of five which consist of leucitic 
and phonolitic rocks, all the others are composed of a pyroxene an- 
desyte and of basalt, with their transitions, and of a little obsidian and 
pumice as acid products. The basic rocks sometimes contain hornblende 
but very rarely become true hornblende andesytes. The pyroxene an- 
desytes contain regularly more of hypersthene than of augite, while in 
the basalts augite displaces hypersthene. **It is worthy of remark that 
throughout Java the pyroxene andesytes are found conjointly with the 
basalts, but we were not able to prove in any case that these different 
products issued from the same crater. On the contrary in most places 
it is possible to prove with certainty that the pyroxene andesytes, desti- 
tute of olivine, and the basalts, rich in olivine, issued unquestionably 
from different craters.** This fact and others mentiolied by the authors 
show that the *' volcanoes of Java do not all derive their issue from the 
same reservoir, but that they are rather openings of separate small foy- 
ers which retain lavas in different states of acidity, some basalts, others 
pyrt)xene andesytes and still others a mixture of these two or transition 
rocks. The products of the same crater differ, aside from texture, more 
or less in a low content of olivine. For example, the central crater of 
Krakatoa has constantly supplied pyroxene andesyte: the lateral crater, 
of which the peak of Krakatoa properly speaking forms a part, has sup- 
plied basalt.^' 

The authors find that although the island of Java has been the scene 
of constant eruptive activity from the Eocene to the present there are 
two periods marked by greater energy. The first coincides with the op- 
ening of the Miocene, forming extensive sheets of andesyte, and the 
second at the close of the Teritary, and prior to the present, therefore 
in the Quaternary. Then were formed, for the most part, the numerous 
volcanic summits of Java several of which at the present time rise to 
'VyfXi or more metres above the sea. They consist, for the major part, of 
andesyte and of basalt in the form of slightly coherent materials and of 
lava flows; and exceptionally also of leucitic and phonolitic rocks, which 
had already appeared to some extent in the Tertiary. 

The authors describe the formation of gravels and levigated powders, 
derived from these rocks at the shores, and the microscopic remnants of 
the plagioclase, leucite, augite, magnetite and olivine in the resultant 
rocks, (Vol., I, p. 68)— a process which is supposed to have taken place 
widely in the pnxluction of the greenstones of the Archean. 

Notwithstanding the extent of time and the volume of the Java erup- 
tions the authors do not find the law of Iddings exemplified in the suc- 
cession of the deposits, but rather such a melange of basalt and ande- 
syte that no general order of acidity is discoverable. 

The volumes are illustrated by numerous heliotype landscape scenes, 
and by eleven plates principally of fossil Foraminifera. 

The grand atlas which accompanies the work embraces (1) a large ge- 
ological map with a scale 1;200,000 in 26 sheets. (2) Synoptical map with 
a scale 1:500,000 in 2 sheets. (3) 21 sheets of special areas, different scales. 
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They are phntntithograpbed and prjt^ted by Giescke aod Devrieiit, 
Leipzig, but the work issues from John G. Stemler and Co., AniBtor- 
dam, puhlisbet-l by order of the govern or-general of theDutoh Icdica. 

(If oUigij of Polk County [hiwa]. By ». F. Bai.n.' (Iowa GmiI. Sur- 
vey, vol. 7, pp. 263-412, pis. 7 9, 9 mapa, 1897.) This county, situated 
near the centre of tfao state, is of apecial interest in that it cootainf) tbe 
upex of the Des Moinen lobe of the latest drift sheet: anil. moreoTer, here 
were obtained 8«nie of the important data which have lieen uapd re- 
cently by the members of the Iowa survey, especially Mesers. Calvin and 
fiain, in their separation and claBsification of the different drift sheets 
i.f the state. .At Des Moines, in tbe southern half of the county, the 
Kansao drift, the lowan loess and the Wisconsin drift are all well de- 
veloped and can lie easily separated. There arealdo somefactsindicat- 
inK the possible presence of a pre-Kansan drift. The three parts of the 
I'leistooene above mentioned can be separated by three important fea- 
tures; (1) by actual overlie.soiue nectious showing the three present in 
ascending oT<]er as given above: I3| by difference in coinpoeition and 
physical characters: (.li by differenue in surface contour. The etreains 
flowing in the older drift surface are approaching maturity, thedividea 
are well marked and the country is well drained, white In the newer 
drift the streams are young, the divides are not well marked and the 
country is poorly drained as shown by the numerous swales. The main 
drainage channels, of which the valley of the Des Moines river is the 
largest, are shown to have been preglacial, consisting of wide valleye eX' 
cavated in the Coal Measure strata and later filled in with drift which 
has not been entirely removed. 

The surface rocks below the drift all belong to the Des Moines stage 
of the Upper Carbitniterous. They contain important beds of coal, Pblk 
county being one of the foremost counties of the state as regards coal 
production. The clays, l)otb Pleistocene and Carboniferous, but chief- 
ly the latter, are used extensively for manufacturing purposes, the moat 
important products being, brick, paving brick and tile. The report is 
accompanied by two maps, one showing the Pleistocene and Recent and 
the other tbe pre-Pleistocene geol<^y. u. s. o. 

Eine Tor/moor utiterxHchung aus dem nOrdlicheii Xerilce, von Rltgkb 
SERNANnBR und Knut Kjellhark. (Geol. Inst. Upsala, No, 4. vol. ii, 
pt. 2, 1895.1 

I'nti triwaille iirchiologique faile dans uae ioiiiliitre au nord debt 
AVii'cte, par Knur Kjellmark. (Cieol. Inst. Upsala, No. ii, vol. iii, 1896.) 

Some interesting results of the study of peat bogs in Sweden have 
been made known within the last few rears. 

A mong others is the detennlnatioa at a aeriea of climatic changes oboer- 
vetl through the seoaitive bwonwtar of plant distribution. The length 
of time has l>een iiiHiduiit to allow ut the di'velnpiiiriil of varieties in 
some plants amiin^ which ^^^^U|j|QiDd the »'ateri.'be~iiiLit (TVopa ntt- 
laii*) which wan an articdi^^^^U|b {)r«hlsIorit- man in Europe. 
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Another point made out is the great antiquity of man in Europe as 
(ieduccd from remains of his utensils and weapons found buried in the 
bogs. Work of this kind was done in Denmark a number of years ago, 
but it is satisfactory to find the work of the Danes confirmed by inves- 
tigations made farther north. 

Dr. Rutger Sernander has been one of the leaders of this work in 
Sweden. He has found that the time of the Litorina sea, which was 
the last marine condition preceding the present elevation of the land in 
Sweden, had three different phases of climate which be identifies with 
the periods to which Prof. Blytt of Christiania, Norway, has given the 
names Atlantic, Sub-boreal and Sub-Atlantic. 

The Atlantic period which lasted while the Litorina sea had a great 
extent is distinguished by an insular climate with heavy precipitation, 
having as a result a rich deposit of mud and peat in the peat bogs. Dur- 
ing this period the flora bad a more southern character than it has at 
present. 

The Sub-boreal period, which changed a great many of the ancient 
lakes and marshes into abodes for the growth a vegetation loving a 
dry soil, consisting especially of dense wood with perhaps the mossHy- 
locomium, in the under vegetation, should have had a dry climate. 

Finally the Sub- Atlantic period began with very heavy rainfall, and 
the conditions at this time were well suited to the formation of peat and 
peat bogs. 

After the mild Atlantic period there was a fall of temperature and 
this is especially shown by the discoveries made at the peat-bogs of 
Gottersftter, which has enabled us to fix the time of the alteration of 
the climate at the transition from the Sub-boreal to the Sub-Atlan- 
tic period. 

It is still very uncertain at what epoch man set f(K)t in Scandinavia, 
but from the mean of a series of observations it has been proved that 
man lived in Sweden during the first part of the Litorina period. It is 
known also that from the age of chipped stone the country has i>een 
greatly raised above the level of the sea. Dr. Sernander has shown that 
the **Atlantic" bed of the peat-mosses, which he refers to the Litorina 
period are synchronous with the age of stone, and mentions the discov- 
ery of a lacustrine dwelling near Hftllstad in Ostrogathia. 

As bearing upon the question of the age of man in Sweden is the dis- 
covery in the peat-bog of Grottersftter of fragments of a clay pot by Mr. 
Kjellmark. This fragment was ornamented with incised straight lines 
and is similar to others in the museum at Stockholm which are of the 
latest part of the age of polished stone. The fragment was unearthed 
at a depth of two meters in the bog and was in a lacustrine mud of the 
Atlantic period and so much anterior to the present time, Mr. Kjell- 
mark estimates (with the concurrence of Mr. Montelius who is in charge 
of the archaeological collections of the state museum in Stockholm) that 
the age of the fragment is a little more than 2000 years before the Christ- 
ian Era.* 

*In a later estimate bawed on the recession of tlie Litorina sea, Mr. KjeUmark 
{rives &&00 years as the period which has elapsed since the burial of this fragment of 
pottery. 
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The deposit in the peat-bog at Gottersfiter is as follows, beginning at 
the top: 

GO etra. — Peat formed of Sphagnum. (Sub-Atlantic period.) 
35 ctm. — Bed of stumps and mould. (Sub-boreal period.) 
125 etra. — Lacustrine mud (of the Atlantic period). 
The fragment of a pot was found in this part of the deposit 2 meters 
from the surface. The mud represents only a part of the Atlantic peri- 
otl— about half, the rest l>eing marked by the marine clay of the L«ito- 
rina sea that underlies the whole bog. 

These results from Sweden are of interest for comparison with the in- 
dications of climate, etc., in geologically recent times that have been 
found in America. o. f. m. 

Notes on the Structure and Development of the Turfnioor ''Stortnur*^ 
in Gentrikland, by Gustaf Hellsino. (Bull. Geolog. Inst. Upsala, 
No. 4, vol. II, pt. 2. 1895.) This article describes an exploration of the 
large peat bog of Storm ur near Gefle in Sweden. The examination was 
made along ditches cut to drain the bog. The bottom of the section 
shows Joldia marl (perhaps aLedaclay). Then a thickness of about 
one meter of pond and marsh mud. Then a layer of stumps about one- 
fifth of a meter (indicating an old forest growth). Then aCarex turf of 
about one-third to one-fifth of a meter, terminating at the present sur- 
face of the bog. 

The depth ascertained in this part of the bog is not so great as meas- 
urements at other bogs in Sweden have shown, but it gives an epitome 
of bog growth in Sweden and tells a story similar to the others. 

The growth of this bog began earlier than that above referred to as it 
is situated only 20 meters above the sea- level. The middle layer of 
stumps corresponds to that of the bog of GottersAter, indicating a drier 
climate than preceded or succeeded this time (the6orea/ period). 

The special feature of this investigation is the determination of the 
diatoms in the deposit by Miss Astred Cleve. 

The brackish water and salt water forms are found prevailingly in the 
lower part of the deposit, and the bed marking the boreal period is de- 
void of diatoms. 

These results are interesting as showing how these minute organisms 
may aid in determinating the prevalence of certain physical and climat- 
ic conditions. G. F. m. 
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CORRESPONDENCE. 



The Finland Excursion of Vie 7th International Congress of Ge- 
ttlogists.- -On the twenty-first of August over a hundred geologists, 
representing perhaps fifteen nationalities, met at the capital of the 
Grand-Duchy of Finland, for a week's excursion in that beautiful 
country of lakes. Director Sederholm, of the Geological Commission 
of Finland, had immediate supervision of the excursion and through 
the week interpreted the geology of the pre-Cambrian crystallines of 
the mainland. 

Drs. Frosterus and Hackman and Baron De Greer expounded the 
glacial geology during the trip, while Dr. W. Ramsay took charge of 
the party while on the island of Hogland. 

The first day of the excursion was spent in the region immediately to 
the southwest of Tammersfors, in the neighborhood of Suto, Suoniemi 
and Mauri. At the two first named localities are exposed th« mica- 
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Hobidte aod the piirpbyritio graotte of Sederbuiin'd older Archean or 
pre-BothiaD TurniiitioDB. These rocks cuver a Urge area to the south of 
TamaiernfiiTB and extend in an east and west line from lake Piiij&iiiie to 
the gutf o( BuChnia. The niii-a-schiBt is folded tiut at the looaljtiea ris- 
ited il'x» not show a high degree of metainorphism. 

At Mauri ofoura a floe p)ti)oeure of aa ittlereetioe metaiuorphic rock. 
(.■alle<l by Sederholm leptite. TbJR is a flne grained gDeissic t»nglomer- 
ate, rich in feldspar and poor in mica. The mica that is preaent is 
largely muscokite. The nick is i>t a reildish color and while iiuite ^Deia- 
sic, its original conglomeratic character is liy no lueBUB obacured. A 
lamination, which has been cunaideretl orij^inal crosebeddiiig, is some- 
times marked. This leptite ie reterrt'd to the Botbiiian formation. 

On the second day the party foRBtwl in large open boats along the 
east shore of the picturesque lake Nftsij^vl. The first landing was made 
at the [Hiint Isuulh of Aitoniemii where Dr. Seilerholni has found re- 
markaliie "Archean fossils" in the "Buthoian ph.vllites." These slaty 
phyllilesiirerich in carbim and plainly of neilimfntary origin. They 
liear some curious alij^jer uhaped markingit. The impressions are 3- 
10cm. in length and 2'3cul in width and are outlined by a depreeaed riiu 
(weatheretl outj of an anthracitic character, approaching graphite. 

They lie in liancln approximately parallel to the slates in which they 
i>ccur. Sederholm is incltiietl to consider them of organic and probably 
of vegetable origin. 

Farther to the north, fxm\y exposed on BOitie of Ihe islands oS the lake 
Hnd alio upon the east shore, is the conglomerate si^hist (Bothnian 
H^e) which Itears such plain evidence of clastic origin. 

This conglomerate, together with other ancient sediroents. Seder- 
holm separatee l»y two important formations and three great discord- 
ances from the Cambrian, and aska if there may not be in the under- 
tying crj'stal line complex genuine sediments, which are of approximately 
Ihe same age as the graniten and gneisses of the complex. 

In answering (he question Hfth-matively he <loes not accept the dia- 
tint'tion whii.-h hiis l)een made in .America ht'twcen the .\.r<.'h»«n and 

This elastic schist is of a coospicuously congtonteratjc character, 
with vertical l>e(tding I?) and a thickness in same cases of 30O m. 
The pebbles vary in size from 5 m. in diameter to luicroBcopic dimeo- 
gions. They are oval in form and [letrographieally are porphyrite, 
porpbyroid, pbyllite. leptite and granite fragments. The cement is- 
crystallirK! tiut composed of clastic fragments of the same toaterial m 
the pel>l>les, associated with Be<.-<jni,lary uuncrcils iT'libpHr. ;(uiirti anil 
hiotite>. lnterl>e(liled with thid congloiucjalc .ire Uisic tuRa aad 
porphyroids. 

The most intt-re«ling observations of the thmi day wew UMcb io lb* 
railway cuts south of Orivesi. Ijerc occw contWb I 
Tsmiiicrsfors schistic iBothniani and two^'ranitel 
distinBiiiwhed only by the occurrence of {Mtrphj'rilii 
cane and their absence in the other. The d 
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parativf agea of the granites and the Bothnian Bchista. In this question 
is coni.'erned the age (if a large area of granite to the south. 

Sedorholni considers that the con tact betweeo the piirphyritie granite 
and thp Bchiate is a mechaaical one and that this granite is older than 
the schist, which includes some fragments of it. While the contact of 
the schist and the non-porphyritic granite he considers intrusive and 
this granite younger than the schist. 

To many ot the party the contact in both cases appeared to he of an 
intrusive character, and the non-porphyritic granite to be afaeiesof 
the porphyritic granite and not to be distinguished as a separate form- 
ation. With this interpretation both granites are younger than the 
schist. 

Two following days were devoted to glacial geology and to banqueting. 

Tbe &sar of Finland are striking physiographic features. The As ot 
Tammersfors, the &s ot the church of Kangsala and the Kaiser As were 
visited hy the party. These long, narrow ridges constitute the 
"inuuntains" of Finland and from their summits the views are always 
beautiful. They are interpreted aa formed by the retreating delta iif 
glacial streams. Remarkably fine examples of rock scouring and 
striations occur abundantly in Finland and on the island of Ilogland. 

The last day of the excursion was spent upon the island of Hogland. 
This rocky island, in the middle of the gulf of Finland, is about 11 km. 
long and from 11^ to 3 km. wide. 

The interest of the island lies in the fact that it presents in epitome 
the larger number of the various formations which constitute the luain- 
land of Finland. 

The highest land (158 m. highl and the greater part of the island is 
composed ot quartz -porphyry, corresponding in age to the Rapakivi 
granite of the mainland. (Jatnian or Algonkian). The other forma- 
tions of the island are all older and are as follows, in order of age from 
the oldest upward, (1) crystalline schists (Archiean). These schists 
are impr^nated with granitic injections. (2) an uralitized gabbro, 
showing evidences of dynamic action. The intrusive granite of the 
crystalline schists, is also intrusive in the gabbro but not in the 
overlying formations. (3) A quartzite and eurite, which are free from 
granite intrusions, are subsequent to these intrusions and are thus sep- 
arated by a discordance from the gabbros. They, unlike the mote 
ancient schists, still show a clastic structure, associated, however, 
with mctamorphic minerals. 

These quartzites are, in turn, overlaid discordantly by (1) a basal 
congkHDArate formed of pebbles of the quartzite. A finer grained 
' quartzite in contemporaneous with this conglomerate. (5) In contact 
V with this younger qiiiirMit«, which is then altered to a hornetone, and 
■lib ttui uonglomerute, which Is sometimes caught up into the over- 
'! ot great petrograpbical interest and beauty. 
I callod II labrador-porpbyrite. It is a dark green fine- 
DCk witli slender lath-shaped pbonocrysts of a light colored 
The phenocryst£ exhibit a conspicuously tracbytic 
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structure in the hand spccioieo. Conuderable epidote has been de- 
veloped. This effusive is accompanied by beds of tuff. The youDgeat 
formation of tbe island, the quartz -porphyry, includes fragmenta o( 
the labrudor-pnrpliyrite sud the other roclu. It is aometimea micro- 
^anitic in structure but becomes felsitic aod even vitreous in contact 
with the older rocks. Like the other formations, it has been subjected 
to movement, which is ehoiTD by a line of friction breccia along tbe east 
L-oaet ot the island. 

The formations of Hogland are thus pre-Cambrian in age and separa- 
ted by two discordances into three groups. The geology of the island 
has been worked out by Dr. Ramsay and to him the geologists were in- 
debted for a delightful and profitable day. 

Finland presents many of the problems of pro-Cambrian geology 
which are under discussion in America, Dr. Sederholm has just 
l.\uguat) brought out a brochure, which appears in the form of a 
Bulletin of tbe Geological CommiasioD of Finland, on "The Archtean 
Sedimentary Formations of Southwestera Finland." In this brochur* 
is discussed the petrographical character of the formations. 

It is to be followed by a second brochure in vrhich tbe ago of thea» 
pre-Cambrian sediments is treated. This will be anticipated with 
interest by the American students ot Pre-Cambrian rocks. 

One of the pleasant features of a trip that was full of pleasure and 
proSt. was the cordial good will and most generous hospitality mao- 
ifested toward the visiting geologists by the citizens of Finland. Both 
public and private hospitality were shown the geologists with lavish 
Renorositj. 

At tbe opening banijuet of the excursion, given to tbe geologists by 
the citizens of Helaingfors, Senator Mechclin, Prof. Hjelt (Proctor of 
the University ot Helsingfora) and Baron von Willebrand welcomed the 
guests. Responses were made by M. Barroie, M. Vellain, M. Coetin- 
Vellea, Prof. Brogger, Prof. Cohen, Prof. Iddinge and Dr. Sederholm. 

That the Finland excursion was remarkably successful in every par- 
ticular is due to tbe untiring efforts of tbe able guides, Drs. J. J. 
S<>derholm and Wilhelm Ramsay. 

St. Pelersbourg. f. a. " 

[Note.— In the foregoing excursion the following American geologista 
participated: Bascom, Daly, Emerson. Hobbe, Iddinge, Neat, FenHald, 
Pirsaon: the total number being 115. E^.] 
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West Virginia GboI/Ooical Sltrtet. At the last meeting 
f)f the legislature a bill wjis passed providing for a gt^olagical 
Kurvey of the state. The- survey wae put under a board com. 
|X)sed or the governor of the state, the state Ireaiiiirer, llifr pres- 
ident of the State University. Ihe preeidfnt .-f the StntpBciard 
of Agriculture and the director of the West VlrtjiiiU A|f. 
rieultural Experiment Station. TfaiB board ^ 
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I September 23rd, and etfected aii organization. 
Gov. G. W. AllcinBon, who is reported as being very entliueiae- 
tic in regard to the survey, wae elected president of tlie board 
and tiie following oHicera of tlie survey were appointed: su- 
perintendent, Dr. I. C. White, one of the editors of this jour- 
nal ; first aseietant geologist and curator of the collections, 
Mr. S. B. Brown, professor of geology in the State University ; 
superintendent of the biological division, Ur. J. S. St«wart, 
director of the West Virginia Agricultural Station ; executive 
officer. Dr. J. H. Kuyniond, president of the State University. 
The heudquurters of the survey are at Murgautown at the 
State University. One of the first pieces of worlc to be under- 
taken is the preparation, by Prof. S. B. Brown, of a list and 
synopsis of all publications relating to the geology and biolo- 
gy of West Virginia. 

The Gbologicai. Society of America will hold its t«ntli 
annual winter meeting nt McGil! University, in the city of 
Montreal, on December 29, 30, and 31, 1887. 

Universiti of MiMNEsoTA. Prof. C. W. Hall, who holds the 
chair of geology and mineralogy, has been granted leave of ab- 
sence for the present academic year. The department is left 
in charge of Dr. C. P. Berkey who has been for several years 
instructor in mineralogy ; the worlc in general geology is eon- 
ducted by Dr. U. S. Grant and that in paleontology by Dr. V. 
W. Sardeson. 

Dk. Hans Reusch, director of the geological survey of Nor- 
way, has secured leave of absence from his home duties to ac- 
cept an appointment for 1897-98 to the Sturgis-Hooper pro- 
fessorship of geology. Harvard University, left vacant since 
the death of professor J. D. Whitney, a year ago. He will 
lecture on vulcanism during the first half year, treating vol- 
canoes and eruptive roots in general; earthquakes and the 
movements of the earth's crust. In the second half-year, he 
will lecture on the geology of northern Europe, and its rela- 
tion to general geology. The third hour of each week will bf 
given to seminary work with advanced students. In the spring, 
professor Reusch proposes to take part in instruction in the 
Beld. 

Messrs. Schtjchert and White, of the United States Na- 
tional Museum, returned from the late Peary expedition to 
OreenlKiid after visiting most of the known plant-bearing lo- 
wJitiat of thg CretaceoiiB and Miocene. They spent 28 days 
^^^^^^"^^^nd in that interval also made a whale-boat jour- 

$8 In order to reach the various important plant 

L localities, 

p plants are chisAy interesting from the fact that al- 
ihough abnvp the Artie circle they are of a semi-tropical na- 
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ture. Their preservation is, however, below the average^ and 
the value of the fossil remains has apparently been overesti- 
mated. Heer, who had the advantage of many collections and 
especially those of Steenstrup, has very thoroughly studied 
them, and there appears to remain but little to be done in that 
direction. On the other hand the stratigraphy of the Cretace- 
ous beds of the Noursoak peninsula is not well known, as well 
as the nature of the invertebrates associated with the fossil 
plants. It is believed that in these respects the late expedi- 
tion will contribute a valuable addition to Arctic geolog}'. Of 
the invertebrates an important collection was made, larg;er 
probably than that of de Loriol whicli formed the basis of his 
preliminary report to Heer. 

The collection of plants, however, will have its chief value 
in affording a direct comparison between the Cretaceous flora 
of Greenland and that of America. 

The Batlin Land party of the same expedition redis- 
covered HalTs OrdoVician (Trenton) locality **Silliman'8 Fos- 
sil Mount." The specimens are well preserved and will be- 
studied by Mr. Schuchert. 

New York Academy of Sciences, Section of Geology. 
(Xtobek 18th, 1897. The first meeting of the Academy for 
the autumn was largely devoted to accounts by various meiu- 
bers of the scientific meetings of interest held during the sum- 
mer. President Stevenson spoke briefly of the work of the 
International Congress of Geologists at St. Petersburg; the 
secretary spoke of the work of the geographical section of the 
British Association for the Advancement of Science at Toron- 
to, and professor Martin gave a similar account of the work 
of the geological section of the same meeting. The principal 
paper of the evening, apart from these descriptions, was by 
Mr. Charles Bullman, who gave a descriptive account of the 
h)cation and character of the auriferous gravels of the state 
of Columbia, illustrated by man^' specimens. In the opinion 
of the sf)eaker, the auriferous gravels are of wide distribution 
and thickness, and of exceeding value, and much more exten- 
sively distributed than stated byMr. F. C. Nicholas, who gave 
a paper before the Academy on the same topic at one of the 
spring meetings. The speaker believed that the gold deposits 
are still being laid down in considerable richness and that the 
whole area around the San Juan river is extremely rich in au- 
riferous deposits. The paper was discussed by Mr. Nicholas^ 
who reiterated his statements, that the gold-bearing clay de- 
posits are not as extensive as they at first may seem to be, 
and that they are restricted to a few small localities now be- 
ing dissected and drained by small streams. 

Richard E. Dodge, Secretary, 
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GEOLOGY OF THE ST. CROIX DALLES.* 

Ry Charleh P. Berket, Miuiieapolis. 
fnfroduction. 

The Hi-ea described in this paper covers sixty square miles. 
It is ton miles long, north and south, and six miles wide. The 
St. Croix river flows through the district from north to south, 
dividing it into two une(}ual tracts. The portion on the west 
side of the river, comprising approximately twenty square 
miles, lies within the state of Minnesota; the eastern portion, 
approximately forty square miles in extent, belongs to the 
state of Wisconsin. The meridian of 92*^ 40' longitude west 
from Greenwich and the parallel of 45® 25 ' north latitude, 
pass through the district. The north line of town 34 forms 
the northern boundary, and the line between ranges 18 and 19 
west of the fourth principal meridian passes lengthwise 
through the middle of the area. The villages of Taylor's Falls 
in Minnesota, and St. Croix Falls in Wisconsin, are centrally 
situated. 

The southwestern extension of the Keweenawan copper- 
bearing rocks presents numerous outcrops at this point, and 
their erosion by the St. Croix river forms the well-known 
•* Dailes of the St. Croix." On account of this prominent nat- 
ural feature, the district has been called the St. Croix Dalles 
Area. 



*\ thesis accepted by the faculty of the University of MiDnesota for 
th<' degree of Doctor of Philosophy, June, 1897. 
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Part I.— GEOLOGY. 

(Plates XX, XXI and XXII.) 

Chapter I. Topography and Special Surface Features. 

Topography. The elevation of each of the pointn estab- 
lished as a basis for the topographic map of the district 
studied was obtained by aneroid barometer readings. Pub- 
lished altitudes above mean sea level, determined by the sur- 
veys of the Saint Paul and Duluth and the Minneapolis, Saint 
Paul and Sault Ste. Marie railways, were used as primary sta- 
tions. The existence of one road on each side of the river 
gave ample opportunity for correction of readings. About 900 
aneroid readings were recorded and perhaps as many more 
taken at intermediate points and used for immediate correc- 
tion of contour lines in the field. The following points were 
used as primary stations: 

Taylors Falls depot 791 feet 

Taylor's Falls freight house 750 ** 

Franeonia statioD 915 *' 

Steamboat landing at Taylor's Falls 687 

St. Croix Falls depot 920 

Summit of grade 1010 

Dresser Junction 950 ** 

Osceola station 806 *• 

The following additional points have been selected from the 
list of those determined by aneroid readings, as representing 
different parts of the area : 

Highest diabase knob— Taylor's Falls, S.W. I4, N. 

W. 1.4, S. E. 14, Sec. 26, T. .S4 N.. R. 19 W . . . . 1040 feet 

Colby lake, Sec. 23, T. 34 N., R. 19 W 940 

Cemetery, Sec. 24, T. 34 N., R. 19 W 960 

Residence of Senator Deedon, Sec. 13, T. 34 N., 

R. 19 W 1100 

School house. Sec. 11, T. 34 N.. R. 19 W 980 ** 

Diabase knob, N. E. t^, N. E. t^, Sec. 1, T. 34 N. 

R. 19 W 1120 " 

Rock lake, Sec. 4, T. .34 N., R. 18 W 1025 *' 

Trout mere, Sec. 6, T. 34 N., R. 18 W 920 " 

Fair grounds. Sec. 20, T. 34 N., R. 18 W 1025 

Summitof morainicridge,Sec.21,T.34N.,R. 18 W. 1215 

Summit of morainic ridge, Sec.6, T. 33 N., R. 18 W. 1165 

Poplar lake. Sec. 4, T. 33, R. 18 W 1135 

East lake, Sec. 16 and 21, T. .33, R. 18 W 940 ♦» 

Trout mere, Sec. 14, T. a3, R. 18 W 835 ** 
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Picnic ground, Taylor's Falls 905 feet 

Public school building, Taylor's Falls 900 '* 

Toll bridge. Taylor's Falls 725 '* 

The different topographic features are clearly displayed on 
the accompanying maps. The different surface features in 
their geological bearings are elsewhere discussed. It should 
be noted here that the morainic ridge and accompanying 
eastern plateau constitute the most elevated portion of the 
district. These attain an elevation of 1215 feet. The till 
plains, stretching through the western part of the district and 
from Dresser Junction southwestward, lie at an average ele- 
vation of 925 feet. The river gorge is an abrupt descent of 
more than 200 feet. Thus the difference in elevation of dif- 
ferent parts of the area amounts to more than 500 feet. 

Next to the glacial drift, the most potent factors in deter- 
mining the topographic modifications of the surface features 
are the bold ridges of igneous rock. 




Fig. 1— Outline map locating the St. Croix dalles abea. 
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Maps. Two maps have been drawn in illuptration of the 
topography and geology of the area. The first includes the 
whole district of sixty square miles (see Plate XX, map No. I) 
while the other, comprising four square miles and including 
the greater part of the villages of Taylor's Falls and St. Croix 
Falls, represents the immediate vicinity of the Upper Dalles on 
an enlarged scale and with greater accuracy of detail (see Plate 
XXI, map No. II). Figure 1 is an outline map representing the 
location of the Saint Croix Dalles Area. 

Lakes. The lakes occurring in the district are of two 
kinds: 1st, Glacial lakes; 2d, River lakes. In the first class 
there are two minor groups: 

1st. Those which occupy many of the larger kettles of the 
glacial moraine which borders the norihern and eastern sides 
of the district. These lakes* partly fill the larger and more 
favorably situated of the numerous depressions of the moraine 
and are doubtless much less abundant now than formerly. 
Many of the kettles may be seen in crossing the moraine at 
almost any point. Most of these lakes have no outlet, al- 
though it is probably these very lakes that feed so constantly 
the springs along the river banks nearly 500 feet lower down. 
The largest of these lakes are East lake, Poplar lake and Rock 
lake. All show a gradual subsidence. 

2d. Those which remain from the rather extensive marshes 
or sloughs of the belt of till occupying a part of T. 34 N., R. 
19 W. These lakes are now very shallow, and compared with 
their former extent, have almost disappeared. They once had 
outlet to the St. Croix river across the flat meadow land 
stretching northward and southward, but at the present time 
they are stagnant and muddy. Colby lake, with the four or 
five small lakes near it, are the representatives of this class. 

Under River lakes have been included those now occupying 
abandoned channels of the St. Croix river. All of these lakes 
lie close to the present channel of the river, and most of them 
:ire directly connected with it and lie at the same level. The 
most prominent one is Thaxter lake in Sec. 36, T. 34 N., R. 19 
W. It occupies a portion of the channel worn by a part of 
the river previous to the formation of the 760-foot terrace. A 
small swampy pond not deserving of the name of lake is 

♦Geology of Wisconsin, vol. Ill, 1880, p. 374. 
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found also in Sec. 36, occupying the roeky bed of the old 
channel used ut the time of the formation of the 810-foot ter- 
race. At this same time the erosiijn at the foot of the rapidf 
following what now constitutes a rock-bound ravine or valley 
through the northern part of Sec. I, T. 33 N., R. 19 W., was 
sufficient to form the basin now occupied by Folsom lake. The 
river lak.-p lying in sections 10, 11, 14 and 15 are probably of 
more recent origin, but date back at least to a time when the 
volume of water in the St. Croix river was much great«r 



Riid the channel ut this point much 


wider ihan at present. 


The igneous rocks, reaching the river 


at this place, Intro- 


diiced an obstacle to further erosion of 


the eastern portion of 


the channel, while the subsequent acciii 


[nidation of river sand 


has barred off this chain of lakes. 




Spriiiiis- The number of springs,* es 


pecially along the riv- 




er, is very great. There are a few also farther back at either 
side of the river ut a greater elevation. Those issuing Ht a 
low elevation along tlie river may be called river bliitf springs; 
those issuing from the drift at u comparatively high eleva- 
tion may in contrast be called drift springs. 

The river blnJf springs arc almost without exception con- 
fined to the upper Dresbaeh shales and sandstones, below 
the 800-f(tol contour line. They owe their existence to th« 
presence of the river gorge, which makes it possible for the 
saturated glacial sands and Cambrian sandstones to dis- 
charge the surplus wal«r at the level of the more impervious 
shales and igneous outcrops. Locally, these i^cdimentaries are 
completely covered by recent debris of the river bluffs, but 
their true relations can scarcely be mistaken. At such points 
the springe seemingly issue from the glacial drift, but the 
drift in no case causes the flow. These springs are found 
continuously along the bluffs on both sides of the river. The 
most remarkable ones issue from the wooded slope lying be- 
tween the 760-foot and the SlO-foot terraces on the Wisconsin 
side of the St. Croix river in the village of St. Croix Falls. 
One also occurs in Taylor's Falls village at the same level. To 
these should be ttdded the Frnneonia springs, which arc the 
chief supply of Lawrence ci^eek. 

The gladnl drift springs are all above the 80(j.root contour 
"Ooology of WinconaiD. vol, HI, IBM, p. 37i. "^ 
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line and most of them above the 900-foot line. The}' issue from 
drift areas, because of local impervious layers which check 
the underground escape of the descending waters. While such 
springs are numerous in Wisconsin, there are few on the Min- 
nesota side of the river. The most notable examples are found 
in Sec. 7, T. 34 N., R. 18 W., where one of the number issues 
at an elevation of 1,000 feet. It is the water from these 
springs which is so much used in the maintenance of the sev- 
eral trout ponds or farms located within the district. The 
three now developed are in Sec. 6, T. 34 N., R. 18 W., Sec. 24, 
T. 34 N., R. 19 W., and in Sec. 14, T. 33 N., R. 19 W. 

The water discharged from the springs of the district is, in 
most cases, exceptionally clear and wholesome. In a few 
places along the river much calcium carbonate is deposited 
from these waters in the form of travertine and crystallized 
calcite. In a few places iron is carried in considerable 
amount, and still more rarely, on account of local accidental 
contamination, the water is too impure for domestic use. But 
these are exceptional conditions. 

Abandoned River Channels. There are several well-marked 
abandoned channels along the present course of the river. Two 
of these are referred to under the heading of terraces, but 
each will here be mentioned and their location noted : 

1. The sandy bottom on which the wagon road runs through Sec. 2, 
T. 34 N., R. 19 W., on the west side of the river, appears to be a part of 
the ancient river bed, representing a stage marked farther to the south 
by a well developed terrace. This portion of the channel is separated 
from the main river gorge by a moderate rise of sufficient elevation to 
f<»rm a considerable island in the river during that stage. 

2. The next attempt at cutting a channel outside the present one is 
found in sections 24 and 25 of T. 34 N., R. 19 W. This is in the north- 
ern part of the village of Taylor's Falls. The exact location is in the S. 
E. yi S. E. ^4 Sec. 24, and continuing through the E. X^ N. E. % Sec. 
25. This marks a stage coincident with the 780-foot terrace, and i» in 
itself cut down nearly to the 760-foot contour line. At this stage of tb« 
river the rock outcrop lying in the S. W. I4 S. W. V4 Sec. 19., T. 3i N*. 
R. 18 W., formed a bare, rocky island in the stream, reaching ao •!•¥•' 
tion of 800 feet. 

3. The third channel, and the most extensive and importiultaMVflil' 
in the limits of the district, extends from the elbow in the DMm^U*^ » 
U S. W. I4 Sec. .30, T. .34 N., R. 18 W., through th« W, 5^ If. W. |^ 
Sec. .31, T. 34 N., R. 18 W., and S. E. I4 Sec. 36, T. 3i W.^K. If W., 
tn the river at Folsom lake in N. W. I4 Sec. 1, T. » JI>#B. If W, 
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It extends slightly beyond these bounds at several places, but not to a 
considerable distance. The valley is entirely rock-bound, the erosion of 
which was checked at the 800-foot line. This abandoned channel is in 
places an eighth of a mile wide. Moses Strong mentions this depres- 
sion* as probably an abandoned channel of the river St. Croix. There 
were two prominent rocky islands between it and the main channel at 
this stage. The first is now represented by the cliflf south of the elbow, 
and the other is the prominent rocky hill in the middle of the S. Jg of 
Sec. 36, T. :M N., R. 19 W. This channel marks the stage correspond- 
ing to the 810- foot terrace. 

4. As the river cut its way into the rocks And sank below the level of 
the last named channel, the water plunging through the gap at the el- 
bow formed a great whirlpool more than an eighth of a mile in diame- 
ter, which is still marked by the great bowl at the head of Thaxter lake 
in N. W. I4 Sec. 31, T. 34 N., R. 18 W. The water from this whirlp(H)l 
reached the main river again by way of the brojid, easy channel, the 
fourth in the series of river channels, the course of which is now 
occupied by the river-lake, Thaxter, lying chiefly in N. E. I4 Sec. 36, 
T. 34 N., R. 19 W. This, with the exception of the pot holes of the 
Dalles, is the most striking feature of the St. Croix river erosion. 

5. The river-lakes lying immediately in contact with the river from 
Sec. 11 to Sec. 22 of T. a3 N., R. 19 W., represent a part of the 
channel of the older St. Croix river, which is now almost wholly aban- 
doned. 

6. There is a well marked, although not a deeply or evenly eroded 
valley, extending through sections 1, 12. 11, 14 and 23 of T. 33 N., R. 19 
W., passing beyond the limits of the district and terminating in the 
very prominent abandoned gorge which separates the picnic ground and 
Eagle Point from the main river channel at Osceola. It is almost con- 
tinuously divided from the present river gorge by a ridge from 20 to 75 
feet high. The average elevation of the floor of this valley is 850 feet. 
This possibly represents an abandoned channel of the St. Croix at an 
early stage and probably during the time of a local glacial readjustment. 
Its persistence, almost parallel with the river for a distance of more 
than five miles, is the greatest evidence presented in favor of regarding 
it as an abandoned channel. It marks a stage corresponding to the 
development of the highest terrace noted near Stillwater, and the 905 
foot terrace at Taylor's Falls commonly known as the picnic ground: 
and its later history, represented by the entire abandonment of that 

channel, is still marked by the 865-foot terrace of Upham.f 

I* 
River Terraces. There are five river terraces within the 

boundaries of this district, marking stages in the erosion of 
the 8t. Croix valley. They are all well marked within the 
two villages, St. Croix Falls and Taylor's Falls. Th^se ter- 
races have been determined by various readings as: 



♦Geology of Wisconsin, vol. Ill, 1880, p. 416. 

tGeol. and Nat. Hist. Surv. of Minn., Final Rep. vol. II., 1888, p. 417. 
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The first or 905-foot terrace. 

The second or 810-foot terrace. 

The third or 780- foot terrace. 

The fourth or 750-foot terrace. 

The fifth or 725-foot terrace. 

Traces of all five are found north of the villages along the 
river. The sand covered flat in Sec. 2, T. 34 N., R. 19 W., is 
a terrace flat. 

The 905- foot terrace belongs to the period of ice retreat and is dis- 
cussed under Glacial Geology. 

The 810-foot terrace is most prominently marked in the village of St. 
Croix Falls, where it is coincident with the main business street and 
forms a striking bench extending for more than half a mile along the 
river. This terrace marks the stage of the river corresponding to the 
development of the abandoned channel in Sec. 36, T. 34 N., R. 19 W., 
and doubtless indicates a check in the erosion of the river gorge. The 
river was held at this level until an entirely new channel had been de- 
veloped toward the west through the sandstones and shales. These 
formations permitted a more rapid erosion than the volcanic rocks 
which formed the floor of the abandoned river bed. 

The 780- foot terrace is prominently marked northward from St. Croix 
Falls along the wagon road for a distance of two miles. The arrest in 
erosion causing the terrace comes from the two barriers or dams of dia- 
base, one at the elbow of the present Dalles and the other a mile north 
at the present St. Croix falls. At the time of this terrace building the 
river made use of an abandoned channel plainly marked through a part 
of the northeast }^ Sec. 25, T. 34 N., R. 19 W., in the village of Taylor's 
Falls, now occupied by the St. P. &. D. freight depot and tracks. The 
northernmost barrier was so readily destroyed that further erosion of 
this channel was checked* although a portion of the river used this side 
until it had cut below the 7G0-foot contour. 

The 750-foot terrace is easily traced on both sides of the river for a 
mile above the Dalles. It is the most pronounced of all and marks 
probably three events: 1st, it awaited the erosion of the narrow gorge 
from the elbow to the toll bridge, which made it possible for outflow at 
a lower level: 2d, it marked the period of most prominent pot hole ero- 
sion; 3d, it seems reasonable to conclude that it marked at least the be- 
ginning stage of a very considerable decrease in the amount of water 
discharged by the St. Croix. 

The 725- foot bench on the Wisconsin side marks a stage claiming a 
place among the group of terraces. It is developed at no place so well 
as immediately above the toll bridge. And it marks the last serious 
check in the erosion of the present very narrow channel through the 
Dalles. 

On the Minnesota side of the river opposite Hudson, Wis.. 
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'20 miles south oT this district, two prominent terraces witli 
several minor ones are described.* The lowest of these is 70 
feet above tlie river. The river level is 672 feet above the sea,| 
making the elevation of the terrace 742 feet. The second of 
these Hudson terraces is 200 feet above the ri%'er, making an 
elevation of 872 feet above the sea. I do not know of any 
corresponding terraces in the St. Croix Dalles area, unless we 
may consider the 905-foot terrace, whit-h is so prominently 
marked in the village of Taylor's Falls, as sueh representative. 
This. I am inclined to think, is a proper correlation. At u 
time when such a terrace must have been formed it is not 
probable that nny considerable full was encountered within 
the distance. It is reasonable to suppose that a descent 
of 30 feet between the two points would not be excessive 
for the glacial river. This terrace-like development at 905 
feet on both sides of the river is further discussed in the 
chapter on Glacial Geology. 

There is evidently no connection between the 742-foot ter- 
race at Hudson, Wis., and the terraces of this district. It is 
believed that a considerable fall was developed below the 
Dalles, where the soft sandstones were reached. If this be ac- 
cepted, it must also follow that, from the time of their begin- 
ning, the terraces above the fall would be entirely independ- 
ent of those below, not only in the matt«r of elevation, but 
also in the point of origin. 

There have been two other terraces noted in previous geo- 
logical reports by Mr. Upham. These extend^ from Sec. 2 
Shaffer northward and are very pronounced terraces. Mr. 
Upham estimated them respectively 90 and 125 feet above the 
river. These estimates would indicate at this point eleva- 
tions of 830 and 866 feet above sea level. It is therefore prob- 
able that the first one of Mr. Upham's terraces corresponds to 
the 810-foot terrace of the Dalles district. The 865-foot t«r- 

diately south of it, unless the 850-fooL side channel mentioned 
efore may be related to this stage of the St, Croix river. 
The amalUr »tream§ and their eroBioii elf'ecfa. There are 

Tol. IV. ISSS, p. 134. 

Survey, vol. II., Final Kep.. 1SS2. p. 4IT. 
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numerous small streams in this area, the largest being util- 
ized for water power for several manufacturing establish- 
ments. Most of them originate in the springs issuing from 
the river bluffs a»id flow at once to the river, only a few rods 
away. Their erosion effects are not very pronounced in any 
singles case, altiiough the combined effect is to remove a com- 
paratively large amount of rock material. Those streams 
which originate in the springs located in the drift hills, or 
in similar situation, have eroded quite extensive gorges 
and frequently exhibit exceptional exposures of the un- 
derlying sedimentary rocks. Several streams whose entire 
supply of water in dry seasons comes from the springs along 
their courses are in wet seasons the outlets of the lakes of 
the district. The most notable of these streams are: 

1. Rock creek, originating in the morainic lakes near the northeast 
corner of the area, and following a glacial valley to the river. 

2. Dresser creek, following the old glacial overflow plain from near 
Dresser Junction U) the river. 

3. Brown creek, originating in the sloughs north of Colby lake and 
following a tortuous course to the river in Sec. 2, T. 34 N., R. 19 W. 

4. Lawrence creek, situated in the western portion of the district, 
the most notable one, on account of the gorge it has cut through the 
sandstones at Franconia. During part of the year it is dry in a portion 
of its course, but the springs originating at the head of the gorge al- 
ways furnish a considerable flow of water in its lower course. Its ero- 
sion effects are entirely disproportionate to the present size of the 
stream. This creek is the natural drainage for many of the sloughs, 
which were once lakes of considerable size on the flat till plain lying in 
the western part and even beyond the bounds of this district. It, no 
doubt, had a much greater volume of water at that time. The effect of 
this stream has been to cut a fine gorge from the river at Franconia 
along the line between sections 2 and 3 of T. 33 N., R. 19 W., for more 
than one-half mile in length and to a depth of from 150 to 200 feet be- 
low the surrounding surface. No such erosion is elsewhere to be found 
outside the St. Croix gorge itself. 

Chapter II. Glacial Geology, 

I. The Glacial Drift. Most parts of the district are heav- 
il}' eovered with drift. The only portions lacking it entirely 
are the more prominent outcropping ridges of igneous rocks. 
The parts most thickly covered are the preglacial valleys, and 
probably tlu- tract now occupied by the moraines at the east- 
ern side of the district. Exact measurements are obtainable 
in but few places. 
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Taylor's Falls, ravine road, gray drift, 50 ft., modified driM, 3-5 ft., 
red drift 75 ft. 

FrancoDia, Lawrence creek goi^e.* yellow drift, 20 ft., modified drift, 
.">Oft., red drift, 50-15 ft. 

Senator Deedon'a well, drift, 12-15 ft. 

Well, N. E. Lj, S. W. ^4, Sec. 1, T. .33 N., R. 49 W., drift, 17 ft. 

at. Croix FallH. 2 blocks E. of toll bridge, red drift, 70 ft. 
Sections showing the thickness and character of different 
beds are represented by figs. 1, 2, 3 and 4, plate XXII. 

The northwestern part of St. Croix county, Wisconsin, is 
covered with glacial drift 40 to 60 feet in thickness in which 
kettle holes are a common feature.f 

The glacial debris lies in flat plains of modified drift, flat 
Bund plains, rolling plains of till and a belt of characteristic 
morainic hills. 

C'h'iracter. There are two sharply defined kinds of material 
represented in the drift of tine locality. In certain respects 
this urea is especially favonible for the study of these two 
kinds, which are called the eastern and western drift.* They 
occur in three layers. In most of the sections but one or two 
of these layers occur. That drawn for Toylor's Falls exhib- 
its all three of them, however, and a correlation of this sec- 
tion with those at other points makes such a division advis- 
able, or these three layers the upper and lower are similar 
in character and probably identical in origin ; the middle layer 
is distinct from those above and below, and shows the charac- 
ters that are ascribed to the western drift. For the area on 
the west side of the St. Croix and a large part of the southern 
portion of the district on the east side of the river, the pre- 
vailing downward succession in the drift is: first, a rather 
thick surface sheet of western blue or gray till; second, a 
variable layer of modified drift; third, red eastern drift lying 
upon the eroded preglacial rock surface. In the northern and 
eastern portions of the district, especially those portions lying 
north and eikst of the village of St. ('roix Falls, the prevailing 
character is that of the eastern drift. No exposure seen shows 
any of the western material. But on the west side of the St. 
Cniix river at Taylor's Falls and, us iippejirs frnm the relative 

•Geol. and Nat. Hist. Survey of Minn.. Final Report, II,188B,p, HE. 
tGeoloBj of Wisconsin, vol. rv, 1882, p. 1.12. 
IGeol. and Nat. [list. Survey of Minn., Fioal E 
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poaition, also further north, ulong the high diabase ridge, 
there is a much more complicated succession. The most com- 
plete section is shown at the picnic ground, in Taylor's Falls, 
and on the side of the drift ridge back of the village. 

Upon the lower shales, at an elevation of 770 feet (see fig. 
3, plate XXII), rests partially stratified till of characteristically 
eastern material, which continues uninterruptedly along the 
ravine, at the side of the street, to an elevation of 845 feet. 
At the same time the shales are traceable in the same ravine 
to an elevation from 800 to 825 feet, and then become con- 
cealed beneath the debris. A bed of gravel and small boulders 
about 2 to 3 feet in thickness lies immediately upon this red 
stratified deposit and separates it from the overlying accu- 
mulation of typical western bluish gray material. This west- 
ern drift is a till in which boulders, pebbles, gravel, sand and 
clay are promiscuously intermingled, and in which, compared 
wi th the lower member, regarded as eastern drift, the presence 
of numerous limestone boulders and an abundance of calcare- 
ous material is the most conspicuous feature. This upper 
member is not so markedly stratified as is the lower one. On 
the exposed surface, however, it has a tolerably compact ap- 
pearance due to the great amount of calcareous material 
available as a cementing substance. The result is, in some 
places, a kind of crag. The thickness of this gray and bluish 
gray drift layer is 36 to 40 feet, reaching an elevation of 685 
feet. From this point the character of the material changes 
somewhat^ becoming chiefly sand and gravel with a covering 
of soil to the top of the blutf, at an altitude of 905 feet. This 
forms the highest river terrace, which continues westward as 
u sandy plain for a thousand feet, to the high ridge back of 
the village. Here, at an elevation of 935 feet, ten hundred 
and fifty feet east of the Swedish church, a large patch of red 
till 10 feet in thickness is found exposed. Above this there 
is sand and grovel to the highest, or 1,100 foot contour line. 
This red patch is believed to represent a later advance of the 
eastern ice lobe upon the western drift area, rather than a 
remnant 'if lui farlior accumulation left unmolested by the 
■western inva'^ion. Additional support is given to this view by 
^.simitar exposure of red till occurring on the same ridge 
"" t north, in the 8. B. i, S. W. i, Sec. 18, T. 34 N., R. 19 
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W., along the road near senator Deedon's farm. (See plate 
XXII, tig. 1.) 

In all essentia] respects this last named exposure resembles 
the Taylor's Falls occurrence with the exception that it lies at 
an elevation of nearly 1,050 feet, or more than 100 feet higher 
than that. The two miles intervening between the two areas 
shows continually a sandy modified drift. The drift encoun- 
tered on the Wisconsin side of the river, along the wagon road 
eastward from the toll bridge and upon the shales, as shown 
in plate XXII, fig. 4, is typical eastern till. It is first seen at 
an elevation of 880 feet and continues to an elevation of 950 
feet, where it suffers an interruption preventing further accu- 
rate observation. A quarter of a mile further south, on the 
road in the northern portion of Sec. 31, T. 34 N., R. 18 W., a 
slight removal of the soil again reveals the red eastern till at 
an elevation of 1,000 feet. This is regarded as a continuation 
of the section of eastern till resting upon the sandstones and 
shales as represented in fig. 3. The western drift has not been 
observed east of the river at this point. The characters indi- 
cating the presence of the eastern drift can be followed still 
further southward and to a still greater elevation. In the N. 
E. J, N. W. ^, Sec. 6, T. 33 N., R. 18 W., the road crosses the 
crest of the ridge. At this place, which is one mile south of 
the exposure in Sec. 31, red till is again exposed. -The eleva- 
tion at this point is 1,150 feet. 

A mile still farther south the road descends into the broad 
valley near the head of which is Dresser Junction. At that 
point the drift material changes very noticeably and the char- 
acters of western drift ])redominate in the surface exposures. 
This is true of the whole valley, although some portions are 
much more sand covered than others. How far this western 
aspect extends into the bordering moraine is not determined^ 
but the material observed upon the ridge is of eastern origin^ 
which would seem to limit the western invasion at its western 
border. It is probable that this extensive moraine was not to 
any considerable extent developed by the western invasion of 
the ice sheet. For the continuation of the moraine further 
northward seems wholly independent of western influence and 
is composed of eastern material. 

Griffin and Periods of Accumulation, As to the origin of 
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the ditFerent materials of which the drift is composed, the 
character of rock from which it was derived, and the source 
of supply, there is but little variation from observations made 
by Minnesota and Wisconsin geologists. The following state- 
ments are intended to summarize these points: 

Ist. The eastern drift was derived largely from the igneous and iron- 
bearing rocks of the Lake Superior basin. The most abundant rock 
species noticed are: melaphyr (occurring in rather large boulders); gran- 
ite: amygdaloidal diabase; gabbro; quartz porphyry; diabase porphy rite: 
together with the sedimentaries, quartzite, red and yellow sandstone 
and a considerable admixture of highly ferruginous pebbles and frag- 
ments. The clayey material is red in color. Sand and gravel are 
abundant. 

2d. The so-called western drift carries many of the same rock sp<*- 
cies as the eastern. In addition, however, limestone boulders and 
pebbles are abundant. The till and clay are usually gray or bluish gray 
in color and contain considerable finely ground calcareous material. 

It is evident that two such characteristically different deposits must 
have been derived from two very different sources. Either the charac- 
teristic constituents of the gray drift were exhausted in a certain direc- 
tion and were therefore of necessity succeeded by a quality very different 
on account of that lack; or we must suppose that there are at least two 
different areas of supply furnishing the material by two independent ice 
streams. The latter view is the more reasonable. In accord with the 
known character of the rock formations in different directions from this 
area, the red drift is believed to have come from the north and north- 
east, while the gray and blue has come from the west and northwest.* 

As to the periods of deposition, evidence shows that there 
were two and perhaps threeditferent periods of accumulation. 
Whether any of the drift represented here was accumulated 
earlier than the lowan stage of re-advance may be doubted. 
Correlation with subdivisions accepted in other districts is 
difficult since this is so far removed from typical localities. 
The time intervals were comparatively short, indeed the ice 
fronts were, during a part of their duration, in actual contact. 
The eastern lobe, however, persisted longer than its western 
companion-lobe, and accumulated the extensive deposits cred- 
ited to the Wisconsin stage of advance. 

The Moraine, The Kettle range of the Wisconsin geolo- 
Ki^tsf includes in many parts of its extent several quite dis - 

♦Geol. and Nat. Hist. Survey of xMinn., Final Reixnt, vol. n, 1888, p. 
410. 
tGeology of Wisconsin, vol. i, 1883, pp. 275-281. 
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tin<;t ntid nearly parallel mnrHinic ridge?, which uiuj quite 
properly be treated us tn<lependt>nt moraines. 

These ridges or moraines mark the halting places <if the 
glacier in its first sUges of retreat after the so-called Wis- 
consin re-advance. One of them lies within the St. Croix 
Dalles area and extends thrniighoiit its length, from sections 
19, 20 and 21, T. 33 N., R. 18 W., to sections 1 and '2. T. 34 
N., R. 19 W., coming in its northern development close upon 
the river in Sec, 'i. This is an especially imporliint moraine, 
not so much because of its relation t^ the Kettle Kiinge, as 
because it follows the dividing line between the eastern and 
western drift. The western materiwl cannot in alt places be 
traced eastward to this morainic ridge, but generally it can 
lie thus traced, and nowhere has the western material been 
found to the east of this moraine. 

The name St. Croix moraine is proposed f-ir this ridge, 
since it passes in its typical development only a short distance 
to the east of the village of St, Croix Falls, and follows al- 
most parallel with and at certain points encroaches upon the 
river St, Croix, and because it apparently marks a stage of 
ice lobe adjustment and drift accumulation that was the chief 
factor in causing the St. Croix river to flow in its present 
channel. 

The St. Croix moraine varies in width from one mile to 
two and a halt or even three milua. It is bordered on the 
east by a high rolling plain extending several miles beyond 
the district. The moraine is bordered on the west by several 
valley and plain areas, all of which will average aOO feet low- 
er than the corresponding highest parts of the moraine itself. 
This ridge is characterized by a very hilly and irregular con- 
tour. The surface is alternately u knoll and a kettle or a 
short ridge and a blind valley, Miiny of the larger kettles 
are small lake basins. 

Drainage courses are not sharply marked, and many of the 
lakes have no outlet. Most of the drainage is underground. 
The kettles sink frequently 100 feet below the lowest possible 
outflow. The knolls often rise 100 fcot above (fee average level. 
The whole effect is to produce Ka dlmHtoontiuucu^ « 
of knobs and ridges which are s 
graphic determinationa. 
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raine are largely sand, gravel and small boulders, and the 
origin is the same as is that of the red drift. 

The Level Tracts. Three well developed plains covered 
mostly with till, occur partly within and partly without the 
St. Croix Dalles area. These will be referred to as the eastern, 
western and central plains. 

The eastern plain extends from the St. Croix moraine east- 
ward for several miles. Only a narrow strip comes within the 
territory examined, but enough of it has been seen to disclose 
its prevailing characters. It is rolling or undulating in" sur- 
face, but does not vary much from the 1,200 foot elevation. 
There are numerous small lakes and sloughs, and it is an area 
of excellent farming land, thickl}' settled. Its material is a 
till with characters which belong to the eastern drift. 

77/6 western plain lies upon the west side of the St. Croix 
river. It extends from Franconia station westward and north- 
ward, including the whole west central portion of the district. 
The northeastern boundary is formed by the diabase ridge 
extending from the village of Taylor's Falls northward. This 
plain also extends far beyond the bounds of the area. Only 
occasional irregularities break the prevailingly level contour, 
varying in elevation from 915 feet at Franconia to 950 feet a 
few miles further north. It is a till covered area of western 
drift, the character of which can be studied in many places. 
The drift on this area* has been noted and approximately 
mapped by Mr. Upham. 

The prominent bench in the village of Taylor's Falls, known 
us the picnic grounds, is in character of materials intimately 
connected with the western till plain. The considerable ac- 
cumulation of sand and other modified drift bounding it on 
the west does not apparently owe its origin wholly to river 
action; it is no doubt derived from the adjacent esker-like 
ridge. 

'The central plain is a peculiar glacial accumulation situated 
immediately to the east of the village of St. Croix Falls. It 
occupies a large part of the S. E. i, Sec. 19, and a portion of 
Sec. 20 adjacent, the N. E. ^ of Sec. 30 and the adjacent por- 
tion of Sec. 29, T. 34 N., R. 18 W. This accumulation is con- 

♦Geol. and Nat. Hist. Survey of Minn., Final Report, vol. ii, 1888, p. 
412. 
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neeted somewhat brokenly with a prominent level valley aver- 
aging a half mile in width, which follows quite closely the 
boundary line between sections 31 and 82 of the same town- 
ship. The northern third of this plain, viz., those portions 
lying in sections 19 and 20, lie at an elevation of from 1,020 
to 1,025 feet, and is almost level but somewhat depressed cen- 
trally. It drains northward to the St. Croix river. On the 
west this plain is limited abruptly by the river gorge which 
is a sharp descent of over 300 feet within a distance of less 
than half a mile. In most respects this level area resembles 
a terrace; it also reminds one of the similar development on 
the opposite side of the river, in Taylor's Falls, known as the 
picnic ground. But the difference in elevation of the two is 
more than 100 feet, while the differences in character are 
equally striking. The St. Croix moraine forms its eastern 
boundary-. Southward it is somewhat broken, but still it 
shows the same character, and near the south line of Sec. 29 
it is too much cut up to be recognized. From this southern 
portion of the plain a very prominent erosion valley leads 
toward the N. N. W., and follows its edge for nearly a mile 
to the railway station in St. Croix Falls. Southward still 
further, in Sees. 31 and 32, the plain again becomes prominent, 
this time, however, as a ver}- distinct valley lying between the 
St. Croix moraine on the east and the high^ diabase ridge on 
the west. This level tract narrows rapidly near the south line 
of Sec. 32, where it merges into a rock bound gorge. The 
walls of this gorge are precipitous on the west and rise grad- 
ually tow^ard the east. The bed of the channel is solid igne- 
ous rock. This southern termination of the valley has an 
elevation of 1,010 feet. From this point southward another 
area is developed partly as a resultant of the first, but of ver^^ 
different character. All points necessary for decisive conclu- 
sions are not at hand. The only ones lending any weight 
toward conclusions as to origin are the following: The ma- 
terial is of eastern origin ; it slopes gradually toward the south 
and leads to a well marked late glacial river gorge; the west- 
ern boundary is in part the present river gorge which is, at 
this place, the limit of the western drift; the eastern bound- 
ary is at all times the St. Croix moraine which represents an 
eastern drift accumulation. 
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The facts j^uggest tlie following statement of conditions ob- 
taining during and immediately preceding the withdrawal of 
the latest glacial ice lobes at this locality. The western ice 
lobe advanced spreading the western drift to the very position 
now occupied by the central plain. Here it was met and en- 
ergetically opposed by a northeast lobe carrying much debris 
and rapidly accumulating the thicker eastern drift deposits. 
The eastern advance was even energetic enough to override 
the edge of the western lobe, and left a few patches of char- 
acteristic material within western territory. With the melt- 
ing of the ice the two lobes separated and a lake formed on 
the present site of the plain, which was drained by the devel- 
opment of the channel at its southern extremity. 

An early halt in the eastern lobe developed the 8t. Croix 
moraine and served to furnish immense floods to the rivers of 
that time, of which there are traces of at least two more with- 
in the district. As the western lobe retired it uncovered an 
additional line of drainage represented by^ the present river 
gorge and the narrow valley extending northward along the 
railroad to St. Croix Falls station. 

The level floor of this narrow erosion valle}- for a distance 
of at least a quarter of a mile indicates that at this elevation, 
905 feet, deeper water was reached, which eflfectually checked 
extensive erosion." 

It is important to note in this connection that the Taylor's 
Falls picnic grounds bench across the river is of the same el- 
evation, and equally level, and equally suggestive in the char- 
acter of its material of river or lake influence. If it be river 
influence, they mark the highest prominent river terrace; if it 
indicate the position of an ice-dammed lake, the fact still re- 
mains that such a lake occupied the place of the later river, 
and upon its subsequent drainage left, as its eastern and west- 
ern limits, these two terrace-like deposits in evidence of its 
existence. 

The central plain just described is intimately connected 
with a more extensive tract which may be referred to as the 
Dresser Junction flood plain. 

The rock bound gorge connecting these two plains is clear- 
ly a glacial river channel. It broadens into a sand covered 
valley at an elevation of 965 feet, following closely the west 
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line of Bection o. T. 33 N.. R. 18 W. The valley in its south- 
ern extension, includes the greater part of sections 7 and l^, 
T. 33 N, R. 18 W., and sections 13, 14, 23 and 24 of T, 33 N., 
R. 19 W., and is continued beyond the bounds of the St. Croix 
Oalles area. Western material is found abundantly strewn 
among the pebbles around Dresser Junction. The greater por- 
tion of the plain is composed of modified drift. This valley 
seems to mark the farthest advance of the western ice lobe. 
And, as the ice melted back, it became the course of a river 
which carried away the later glacial floods. All parts of this 
valley near the moraine are deeply covered with coarse sand. 
Farther away from the morainic source of supply the more 
level stret<*hes of the plain have comparatively good soil. A 
second tributary to the plain stretches through section 18 and 
develops into a deep, sandy ravine leading into section 4, 
toward Poplar lake, which nestles among the morainic hills. 
Except for the igneous rocks encountered in the former chan- 
nel, this old drainage course seems to be as important as that, 
and has no doubt been in more constant use since those con- 
ditions which produced them both disappeared. 

Jioch Creek Valley. The largest stream tributary to the 
St. Croix in this area, is Rock creek. Rising beyond the 
boundaries of the district it occupies a deep valley extending 
westward near the south line of sections 4 and 5, T. 34 N., R. 
18 W., and then swings quite abruptly to the southwest 
through section 7 to the river. It is not wholly a late erosion 
valley. The kettles and knobs which characterize the moraine 
extend also into this valley. On either side the knolly ridges 
rise to 1,100 feet, and toward the north and east they are im- 
mediately merged into the plateau, more than 1,200 feet in al- 
titude. The bottom of the valley lies for the greater portion 
of its extent above the 900- foot contour. Below that line, 
however, there are abundant erosion phenomena — sand flats, 
benches and terraces. The extensive level tract in S. E. ^ of 
Sec. 7 seems to indicate terracing, and should be correlated 
with the 905-foot terrace at the Dalles. 

A slight bench at 860 feet, along the wagon road, may be 
the local development of the 865-foot terrace of Upham* de- 
scribed as lying two miles further north. 

♦Minn. Geol. ami Nat. Hist. Survey, Final Report, vol. ii, 1888, p. 417. 
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This 300- foot valley, from one-fourth to one-hulf a mile 
wide, extending back among morainic ridges for several miles, 
and showing undisturbed terminal accumulations almost to 
the bottom, constitutes a somewhat unique feature in the sur- 
face geology of the district. It probably lies in the direction 
of movement of the latest ice advance, and is partially due to 
glacier erosion of an older drainage course. 

II. Effect of Glacial Action upon Earlier Formations, The 
glacial action left distinct marks upon both the igneous and 
the sedimentary rocks. On the diabase the effect is much 
more easily observed at this time, although the action was 
very much more effective on the sedimentary rocks. Glacial 
stritp, smoothing of exposed surfaces, the breaking down of 
ragged cliffs, fluting and glacier erosion can be seen. All 
these except the last are more successfully preserved antl 
therefore more readily seen on the igneous outcrops. 

Glacial strije are not found at every outcrop, although 
one or more of the above mentioned evidences of glacial ac- 
tion are to be seen at any extensive exposure. Those showing 
striae most plainly and abundantly with their bearings are the 
following: 

1. N. E. f4, N. E. I4, Sec. 1, T. 34 N., R. 19 W. 
Near road— few strise bear S. to S. E. 

West side of outcrop — striae bear almost E. and W., as an averHge di- 
rection. Of the variable ones, the greater number run N. E. and S. W. 

angle of variation nearly 90 degrees. 

Most of the striae are along the extreme western border of the outcrop. 
Of those noted the majority had a direction N. of E. to S. of W., be- 
tween 15 and 20 degrees, a few were found from W. of N. to E. of S. 
about 20 degrees, and still others were E. and W. 

2. S. W. I4, N. W. t4. Sec. 6, T. .34 N., R. 18 W. 

West slope of outcrop — striae found only on the smooth, close grained 
portion of the exposure. They bear E. and W., also N. of W. to S. of E. 

3. N. W. 1^, Sec. 5, T.33, N., R. 18 W. 

Markings on the very smooth polished surfaces of the diabases of the 
old channel from which the soil has been removed by the building of 
the M. St. P. & S. 3te. M. railway, bear almost N. and S. These mark- 
ings may have other origin. 

4. Sec. 31, T. .34 N. R. 18 W., near the center of the south half of the 
section, in the public road, are some low, evenly polished exposures of 
diabase on which markings occur. 

5. In the village of Taylor's Falls, near the Swedish church on the 
highest exposed portion of the igneous rocks, glacial markings may be 
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seen. The following directions were noted in different places at this 
locality: 

Well preserved striae bearing N. 25 degrees E., a few other faint marks 
at an angle of about 45 degrees to these. 

Well preserveti striae N. W. toS. E. and several bearing a few degrees 
more westerly. 

Near the church— strongest marks N. 20 degrees E., faint marks ex- 
actly N. W. and S. E. 

A few more were seen varying at small angles from the directions 
given above. 

Former observers* have noted glacial striie at the following 
points: 

Sec. 36, T. 35 N., R. 19 W., bearing S. 40 degrees E. 
Sec. 29, T.a4 N., R. 18 W., shallow flutings, bearing about S. 45 de- 
grees E. 

At Hinckley! the glacial striae bear S. and S. 5 degrees W. 

Very few places show striation of a persistent character, 
and readily escape observation. At nearly every place the 
bearing of the stride is extremely variable, the directions be- 
ing frequently at right angles to each other, with many int<^r- 
mediate degrees of variation. 

The igneous flows dip in general toward the S. W. and W. 
8. W. This, with the tendency toward columnar structure 
gave opportunity for extensive destruction of the original 
cliffs. At such points as developed particular concentration 
of glacial abrasive action, which would be the case in those val- 
leys lying between two ridges of eruptive nKtks, or at a gap 
in an opposing ridge, the destructive influence should be 
strongly marked. This influence is especially noticeable at the 
old glacial channel in Sec. 6, T. 33 N., R. 18 W., and in the 
village of Taylors Falls, at the Dalles. The rock exposure>> 
above the 800-foot contour, at the last named locality, bear 
evidence of ice abrasion as a factor in widening this gap be- 
tween opposite cliffs, while the lower benches exhibit sufficient 
evidence of water action to explain all the erosion at that point. 

On the sandstone and shales the eftect of the glacial erosion 
was almost wholly confined to scooping out valleys between 
parallel igneous ridges, resulting in the removal of the com- 
paratively soft sandstone to a level from 10 to 800 feet lower 
than the adjacent crystalline outcrops. 

♦Geol. of Wisconsin, vol. iii, 18a3, p. ;J82. 

tWarren Upham, Geol. and Nat. Hist. Survey Minn., Final Rep., vol. 
u, 1888, p. G42. 
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The localities illustrating this erosion are so numerous that 
it is scarcely necessary to do more than call attention to the 
map of the district. The most important example is that of 
the valley now partially occupied by the St. Croix river above 
the Dalles. The stream lies for nearly five miles almost with- 
out a break, between parallel ridges of diabase, standing, on 
an average, one mile apart and reaching an elevation of from 
100 to 300 feet above the adjacent sedimentary rocks. This 
difference of elevation is believed to be due not so much to 
preglacial land erosion as to the direct action of the ice during 
the glacial period itself. 

The effect of the glacial erosion upon the drainage of this 
portion of the St Croix valley may be traced to a limited ex- 
tent. Almost nothing can be claimed to be added to our 
knowledge of the preglacial St. Croix. The present channel 
is not believed to represent the original location of the river, 
although smaller streams may have occupied portions of it. 
The rock wall which occupied the site of the present Upper 
Dalles was an effectual dividing ridge, and to the north of this, 
small streams, occupying the present positions of the St. Croix 
river and Rock creek drained northward until some river was 
reached which probably emptied into the Mississippi.* In 
the southern portion of the district all evidences indicate that 
the present St. Croix river gorge is postglacial. 

The inter-glacial St. Croix, up to the time of the invasion of 
the western lobe, at the beginning of the Wisconsin epoch, 
seems to have followed the preglacial drainage lines as under- 
stood above. But with the encroachment from the west a new 
connection with the Mississippi was made, and it at that time 
followed the extreme front of the invading ice. 

The channel at present occupied by the St. Croix river varies 
but little from that just mentioned. An impracticable early 
course in the vicinitv of Dresser Junction was abandoned. 
The river fell back finally with the retreat of the ice to its 
present more favorable course. The chief factor in making 
the present channel the most available and permanent line of 
drainage was the glacial erosion accomplished at this locality. 
There is little doubt but that the considerable bend toward 



♦Mr. Upham, Report of the Park Com., State Park of the Dalles of 
the St. Croix, 1897, p. 45. 
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the east which is continued for a short distance into the north- 
ern portion of the area, is chiefly due to the opposition of the 
ice and its accumulated debris coming from the west. The 
whole effect of postglacial erosion has been to deepen the chosen 
course of the stream. Any variation from it is seen solely in 
the slight shifting from the minor abandoned channels in its 
later development. 

If this be the true explanation of the evidence at hand it 
argues that the remarkable erosion phenomena, which are so 
noticeable in the gorge in the vicinity of the Dalles, are all of 
late glacial and postglacial age, the larger part of which was 
accomplished at the immediate close of the glacial period 
during the time that the river served as the overflow channel 
for the West Superior glacial lakes.* 

At this time the volume of water discharged was abundantly 
sufficient to account for all the erosion phenomena which seem 
so superior to the amount now carried by the St. Croix river, 
(/hief among these phenomena are the enormous pot holes worn 
in these rocks at St. Croix Falls and Taylor's Falls. 

Summary . The foregoing discussion, dealing with phenom- 
ena observed in this district, has a bearing upon some of the 
questions receiving present attention among northwestern 
glacialists. 

Among these is the question of single sheet as opposed to 
several independent lobes, the latter of which is more agree- 
able to accumulating evidence. 

The marked variability in the bearing of the glacial stria% 
the peculiar character of certain areas of drift accumulation, 
and the change from a surface drift of western character to 
one of eastern origin, suggests that the district is one of the 
critical areas for the study of glacial geology. 

Mr. Upham's determination of the northern limit of the 
blue tillf at about the course of Snake river, and its southern 
limit, through the northern part of Washington county, no 
doubt accords with the limit noted in this district, and is con- 
sistent with the facts presented in this discussion. 

Mr. Upham's attempt to correlate the farthest advance into 

~*Geol. of Wipconsin, vol. i, 18a3, p. 28() and p. 261. 

Upbam, Geol. and Nat. Hist. Survey of Minn., Annual Reports. 

tGeol. and Nat. Hist. Survev of Minn.. Final Keport, vol. ii, 1888, p. 
412. 
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Wisconsin with the 4th or Kiester moraine,* is not necessarily 
substantiated by the evidence herein set forth. In fact thr 
morainic development due to western accumulation seems to 
disappear gradually as it approaches this area. 

Wisconsin geologists refer to the Kettle range, of which the 
moraine immediately east of St. Croix Falls is apart, as prob- 
ably belonging to the same stage as the accumulation known 
as the Leaf Hills moraine in Minnesota. f Such correlation Is 
not 3'et substantiated andean not be so long as the glacial ac- 
cumulations immediately south and southwest of the extremity 
of lake Superior are so imperfectly known. 

Observations in this district indicate that the erosion of the 
St. Croix Dalles is post-glacial. 

Chapter III. Stratifjraphic Geology, 

The exposed sedimentary rocks in the St. Croix Dalles area 
vary from a few feet to 225 feet in thickness. An equal thick- 
ness probably lies below the level of the St. Croix river, upon 
the very irregular floor formed by the Keweenawan rocks. If 
the dip of the igneous rocks were constant, however, a thick- 
ness of 1,500 to 2,000 feet could be attained along the western 
margin of the area. 

The dip of the several subdivisions is fairly uniform 
southward at a very gentle inclination, amounting to 50 to 75 
feet per mile. J While varying slightly at ditferent places, the 
dip is fairly constant to a considerable distance beyond the 
bounds of the area. Approaching the district from the south 
and west, it is noted that the successive members of the Mag- 
nesian series disappear one by one until, at Eagle Point, near 
Osceola village, the Oneota dolomite constitutes the cap and 
surface formation. Within the bounds of the district this 
formation also is lacking, and the Jordan sandstone becomes 
for some distance the uppermost formation. No attempt to 
follow the subdivisions toward the north beyond Osceola has 
heretofore been attempted. The subdivisions of the Magne- 
sian seriesg recognized at Osceola are, approximately : Oneota 

♦Geol. and Nat. Hist. Survey of Minn., Final Report, vol. ii, p. 415. 
+Geolo^y of Wisconsin, vol. in, 1880, p. .385. 

JGeol. and Nat. Hist. Survey of Minn.. Final Report, vol. ii, 1888 d 
4(>9. 

t^The Maf,'no8ian Series of the N. W. States, by Hall and Sardeson 
Bull. Geol. Soc. of America, vol. 6, 1895, pp. 167-198. 
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dolomite, 3'> feet, Jordan sandstone, 75 feet, St. Lawn-nce dol- 
omites nnd slmles, 40 feet. At thiw place tlie Oneota and Jor- 
dan forniationfi are rather sharply separated, as are likewise 
the Jordan and St. Lawrence; but the lower limit of the St. 
Lawrence is not prominently marked. 

Below the St. Lawrence formation a series of more or less 
clearly defined beds of sandstone, shales, greensands, calcare- 
ous shales, pyritiferous shales and conglomerates has been in- 
<'luded by geologists in the terms, — Lower sandstone,* Pots- 
dam sandstone,! ^^' Croix sandstone,^ Basal sandstone, § 
and Dresbach and Hinckley sandstones. || without snbdivision. 
The fauna, which seems largely conlined to the lowest shales, 
was considered too meagre for a satisfactory correlation of 
the formation, and adiseouragementat the outset to any siic- 
cessfiil subdivision. 

Ai/dilioniif Dntti. Explorations of the writer have brought 
to light several facts which bear directly upon the question of 
correlation and subdivision of the lower sedimentary rocks of 
this district. They are the following: 

The existence of n well-marked aaDdstone conglomerate has been 
(teterniincd: and St. Lawrence shales have l>eeD found to occur in Bee. 
1,T. 33N.,R. 19 W. 

The persistence of certain litholofric characters have been shown. 

ThediBCover3* haH lieen made of an extensive fauna in the marginal 
conglomerates. 

2'Ae Sanihfone Conglomerate. Along the wagon road 
through the N. E. i, N. E. i. Sec. 1, T. 33 N., K. 19 W., there 
is exposed, to a limited extent, an interesting conglomerate, of 
which specioiens are readily obtained. The significance of 
the occuirenee lies in the fact that the worn pebbles of this 
conglomerate are of sandstone, which are enclosed in a matrix 
(if sandstone. The pebbles aielittle more compact and resist- 
ant than the .matrix sand itself, are perfectly worn and range 

♦Owen; Geol. Survey of Wis., Iowa and Minn.. 1852. 

tChamberlin: Geol. of Wiflconsin, vol. i, 188.S, p. 123. 
Hall and Sardeson; Bull. Geol. Soc. of .\merica, vol. 3, 1892, pp. 
:i:il368. 

lUpham: G.-ol. ami Xat. Hist. Survo)' of Mini).. Fii 
1388, p. 1(>7, WinchcU: Final R.-p-- vol. i, 1884, p. 257. 

SNorton: Iowa Geol. Survey, vol, vi, 1807i p. WO. 
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in size upward to three 
inches in diameter. Tlie)' 
show no fossil content, 
although the matrix ear- 
rieH abundant fragments 
of trilobit«9. An outcrop 
of igneous i-ock lies in 
the immediate vicinity, 
but the intervening dis- 
tance between i t and the 
conglomerate is covered 

stones iind shales are ex- 

^ posed ot numerous places 

o along this same road at 
2 flower levels, and prepum- 
= I 2 ably at lower rock hori- 
l ■le^"'"'' *>"* " continuous 
, °E section is not obtaina- 
- Si I able. The friable nature 
.S ll^gof sandstones makes 
2 ^i^ ^ them especially liable to 
J. .z.l: o mechanical destruction 
c and for this reason a 
^^^"'"^'^''"'^ conglomerate 
-2 5 « is •* rarity among roeke. 
t'ii ^ -Thiecireumetancemakefi 
III ? -the occurrence an inter- 
-"•"Q Resting one, and the evi- 
dence which it gives in 
support of the view that 
a considerable erosion 
interval occurred at this 
point mnkesit of addi- 
tional importance. To 
whatformation the sand- 
stone conglomerate be- 
longs, and what this 
break in sedimentation 
may mean are questions 
which deserve attention. 
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Fig. 2 WHS (Iniwn tn illiiatrHte this oociir pence and to correlati- 
the subdivisions of the Cambrian sedinientaries of this 
lociility. By reference to this chart, it is seen that thc 
iiverag)^ dip of ihi- sedimentary strata, jis they appear in the 
river gorge, makes the sandstone conglomerate correspond t'» 
the well known break between the St. Lawrence and the over- 
lying Jordan. Further, this St. Lawrentp-Jordan* interrup- 
tion in rlie continuity of the strittit, is the only one thus far 
known commensurate with the formation of such a conglom- 
erate. The lithologic characters and fauna! content of tht- 
matrix are more closely allied to those of the Jordan than Ut 
any other formation. For the Jor<lan is an ext«nsive sand- 
stone formation, characterized by thick, coarse eroes- bedding, 
well agreeing with the abundant supply of material, derived, 
in part at least, from the destruction of the St. T.awrence and 
earlier strata. It appears then that thifi sandstone conglom- 
erate represents tile extreme northern limit of the Jordan 
sandstone, with which it should be corrcliited : and the time 
break indicated was great enough to secure a solidification of 
earlier formations sufRcient for the construction of a conglom- 
erate from their debris. 

The Sf. LiiiPi-eiice ShuUx. From a well in theS. W-i, S. W. 
i, S. W. i. See. 1, T. 33 N., R. lit W'., were obtained two spec- 
imens of a sandy shale which resembles, in lithohigjc eharac- 
ters, the St. Lawrence shales found at Osceola Falls. This otr- 
currence is 850 feet above sea level, and therefore would agree 
in altitude with a continuation of the St. Lawrence shales in 
this direction. It must be admitted, however, that with the 
approach of all of these formations to the immediate vicinity 
of the cliffs of igneous rocks, l>eyoiid which none of them are 
known to extend, the lines of separation l>etween ebales and 
sandstones become less sharply defined. 

The Iliixul S'lndstoiie Serien. Among all of the terms that 
have been used from time to time to designate certain forma- 
tions and groups of formations in southeastern Minnesota, 
not u single one has been limited to tlie sandstone and shale 
serie?'. lying between the Si. Lawrence I'lirmation and the Kc- 
weenawiin rucks, with sufficient constancy mid deflnitenoesJi 
■warrant general acceptance. Arecent reference to ttin 
«Bull. a. B. A., vol. 6, 18%, p. 17% MaKnesii 
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by Norton* under the name Saital naiuhloiie ie the iuo?t iie- 
eeptable yet oD'ttred. But the fact that thig formation, inet<^'uil 
uf being uniform as the name would indicate, ie made up of u 
succeRsiion of (^epaiable subdivifione, makes a slight luodiiieii- 
tion of the term advisable. The term St. Croix series ia a 
much better name, but as restricted bv Winehell.f was not 
originally proposed for the whole group of rocks now under 
discussion and has not been uniformly applied by writers. 
Accordingly the t-erm BiiikiI xanthtone seriea has been deter- 
mined upon as a convenient name. It is intended as the co- 
ordinate of Mf(yn<L»i<in series UH used by Hall and Sardeson.J 
A prevailingly arenaceous chann-ter gives this basal forma- 
tion a unity similar to that secured in the Miigneaiaii iterien 
by its dolomitic development. 

This series of sandstones, shales and conglomerates between 
the base of the overlying St, Lawrence formation and the Ke- 
weenawan floor, exhibits certain characters sufBciently con- 
stant to merit subdivision into at least three distinct parte. 

The uppermost subdivision is a sandstone exhibiting two 
phases: (<f) an incoherent fine sand, which is underlain, (h) 
liy more compact and thick-bedded layers. Thin scams of 
green shale aecasionally appear in this bed. Its thickness 
is about 100 feet at its most favorable exposure. Fossils are 
not well preserved within it, and they are not abundant except 
in one horizon. Because of the exceptionally fine exposures 
of this formation in the vicinity of the small village of Fran- 
conia, this uppermost division of the series is called the Frun- 
I'onia tniidstone. 

The second subdivision has u persistently shaly develop- 
ment in its uppermost and lowest members, between which is a 
green-sand hed, which is coarsely ureiiaceous. A typical 
section exhibits, in descending order: 

Shaly sandstone, 10 feet. 
Green-Band, 20 feet. 

Gray shales. 10 fpet, to the river, below which itfl eitent 
is unknown. 
The i;reeii-sand is a glaueonitic mixture. Broken frag- 

.1. VI, 1897. p. HO. 
and Not. Hist. Survey, Final Report, vol. 1 1, 1888, p. xxi. 
il. Soc. of America, vol. 0, 1895, pp. 107-199. 
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merits of Lingula shells are abundant. Cross-bedding char- 
acterizes this bed at Franconia. Fossils other than Lingula 
are not abundant within this formation. The conglomerates, 
however, that belong to this part of the Hasal Sandstone series 
carry Obolella polifa Hall, and Li nff ulepia j)tnn(eformis O'wan. 
besides other fragments not identified. Dresbach (a). 

The third subdivision of the series is observable only 
above the Dalles, at Taylor's Falls, and at St. Croix Falls, in 
numerous exposures adjacent to the river channel. About 50 
feet of this stratum is exposed, and the lower limit is always 
within reasonable estimate, since it occupies the comparatively 
shallow basin through which the river flows. This formation 
consists of sandy shales at several places; loose clayey shales 
extending farther up the river; calcareous shales in which 
thin layers of limestone one to three inches thick occur; and 
pyritiferous shales in which secondary iron sulphide in little 
pellets and grains make up almost one-third of the mass. 
Among these beds fossils are most abundant in the calcareous 
shales. The" fauna is meagre in variety of species, but the 
number of individuals is unlimited. The species always ob- 
tainable is Linrjulepis pinnoiformis Owen. The pyritiferous 
shales also carry a few fossil species, the pyrite serving as 
the fossilizing agent, while other beds of the formation carry 
almost no fossil forms. Dresbach (b). 

For these last two subdivisions as now limited the name 
Dresbach* of former writers is adopted. Dresbach, Minn., is 
the type locality where the succession was described by N. 
H. Winchell. Further proof of the correctness of the present 
correlation will be undertaken in the chapter on paleontology. 

The Conylomerafes. The diabase conglomerates of the 
Cambrian age, lying alongside some of the igneous cliti's and 
ridges, are both the most interesting of the local phases and 
at the same time the most responsive to investigation. Among 
the localities of most ready access are the following: 

Ist. At the water's edge, along the river, S. E. I4, N. W. J^, See. 15, 
T. '^'^ N., R. 19 W., where the conglomerate stands as a cliff 50 feet high 
with no visible ledge accompanying it at either side; 2d. On Mill street. 
in the village of Taylor's Falls, at the railway crossing, and at the brow 

♦Geol. and Nat. Hist. Survey of Minn., Final Rep., vol.11, 1888, p. 
xxii. 

Hull. Geol. Soc. of America, vol. G, 1895, p. 170. 
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of the hill as the street approaches the public school building. Other 
localities where contact of the Cambrian strata and the Keweenawan is 
marked by a conglomeratic tendency are:— At the river bank, St. 
Croix Falls, and at the test pit in N. W. ^4, S. W. i|, N. E. }i. Sec. 1, 
T. 33 N., R. 19 W., near the highway, three eighths of a mile S. W. of 
the saDcistone conglomerate outcrop. 

At none of these places, however, is there any such extensive expos- 
ure as at the first two named. 

The first mentioned locality is a prominent landmark on 
the river between Franconia and Osceola.* A narrow ridge 
runs out from the main river blulf squarely to the stream, 
where the vertical face, 40 feet in hight, reveals the cause of 
its successful resistance to the erosion which has worn back 
the sandstone blult* several rods. There is at this place an 
apparent absence of the rocks from which this conglomerate 
could have been derived. No outcrop of these rocks is to be 
seen on the same side of the river, although it is possible that 
the adjacent higher river blulf encloses or covers such a ledge. 
That this conglomerate has outlasted the parent cliff beside 
which it must have been formed seems to be a necessary con- 
clusion. There is, however, an almost unbroken ridge of dia- 
base extending from the railroad, two miles north of Dresser 
Junction to the river just opposite the conglomerate exposure 
and no doubt at one time was connected with it. River eros- 
ion has destroyed all connection which once existed between 
the two and which still may exist beneath the bed of the 
river. In such a way, indeed, an adjacent cliff may have been 
destroyed while favorable conditions saved a part of the con- 
glomerate beside it. 

The same fossil species occur in this conglomerate as are 
found in the adjacent shales. It belongs to the upper bed, 
the green shales, of the Dresbach formation. 

Two outcrops of conglomerate on Mill street in Taylor's 
Falls, are probably continuous beneath the drift. Their 
marked differences in color, hardness, and compactness of the 
matrix are not of great taxonomic importance. The exposure 
at the brow of the hill is near the 875-foot contour line, and 
for convenience of reference will be called the upper conglom- 
erate. The one at the railroad crossing is at about the 810- 

♦Owen: (Jeol. Survey of Wis., Iowa and Minn., 1852. 
Section 4, from Marine Mills to the falls of St. Croix. 
N. H. Winchell: Tenth annual report, Minnesota survey, 1881, p. 120. 
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foot line and will be referred to us the lower conglomorat**. 
All ditferences noted between the two are satisfactorily ex- 
plained by the fact that the upper conglomerate lies in irame- 
diate contact with the parent ledge, while the lower one 
represents the limit of the conglomeratic accumulation as it 
merges into the sandstones ;*the upper is thoroughly sajturated 
with ferric oxide, while the lower contains more of tlie car- 
bonates; the upper has been more effectually drained of the 
destructive alteration reagents which permeate the waters of 
such great reservoirs as sandstone strata become, while the 
lower has been more completely within their reach, so that its 
pebbles and boulders show both more extensive disintegration 
and a greater variety of secondary products. The cause of 
this difference between the upper and lower conglomerates at 
Taylor's. Falls is still more strongly enforced by a comparison 
with that below Franconia, already described. In this latter 
exposure almost every boulder is well advanced toward the 
last stages of decay. Some of them are little more than an 
earthy compact mass — all now left of a once fresh lustre-mot- 
tled diabase, as is shown by the alternating blotches of green, 
gray and brown still to be seen upon the broken fragments. 
Still there is no evidence of any considerable time break be- 
tween these conglomerates; and the differences of surround- 
ing conditions due chiefly to their position, are believed t(» 
constitute the most potent cause of their variation. 

All boulders of the conglomerates are of the same petrologic 
character as the eruptive rocks now, or at one time, in place 
in the vicinity. No specimen of any rock belonging outside 
of this group of diabases was found among them. 

The conglomerate at Taylor's Falls belongs stratigraphically 
to the lower part of the Franconia sandstone member of the 
Hasal Sandstone series, and extends downward into the next 
underlying member, the Dresbach sandstone. The diabase 
(conglomerate at St. Croix Falls belongs to the lower shales 
member, and that before noted in Sec. 1, T. 83 N., R. 19 W., 
apparently bt^longs to the St. Lawrence formation. 

Thus thr conglomerates as a whole, do not belong to any 
single member or formation, but are accumulations, resulting 
from special surroundings, which may, and no doubt do, occur 
at all horizons from the first one laid upon the Keweenawan 
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door to the uppermost member of the sandstone present in the 
St. Croix valley. Therefore each outcrop must be studied by 
itself and its position determined independently of the mer(* 
fact of its conglomeratic character or the proximity of other 
exposures. 

The reason for the extended attention given to the conglom- 
erates in proportion to their geographical extent, lies in the 
fact that within them is preserved the richest fauna thus far 
discovered in all tlie formations. The loose sandstones which 
constitute so great a part of the sedimentary strata are un- 
favorable for the preservation of fossil forms. The greater 
part of the shales is almost as barren as the sandstones, and 
such layers as do carry fossils, whether sparsely scattered or 
in multitudes, exhibit a narrow range of species. It is only 
in the conglomerates, as recent observations prove, that there 
existed comparatively favorable conditions for preservation. 
Among these rocks a remarkably abundant and new fauna has 
been discovered. Further description of these new forms 
will constitute a separate chapter of this paper. 

C lass ijicat ion, A detailed study of the area at and adjacent 
to the Dalles of the St. Croix suggesjts the following forma- 
tional subdivisions: 



Magnesian 

SERIES. 

( HaU and 

Sardoson.) 



Shakopee dolomite. 
New Richmond sandstone. 
\ Oneota dolomite. 
Jordan sandstone. 
St. Lawrence dolomites and shales. 

3. Franconia sandstone (100 feet). 

htazone /a„d shales 



Basat, 

Sandstone 

series. 

(McKliiied 
from Norton.) 



-{ 



2. Dresbach 
shales (150 "j 
feet). 



Lingulepis i Calcareous 
pinnaefor- \ & pyritifer- 
mis zone. ( ous shales. 



The 

St. Croix 

Formation. 

(Winchell.) 



1. The lowest formation of this series is not exposed in 
the Dalles area, but it includes the lowest sandstone 
beds and possiblv also the **Hinckley sandstone," 
; (0 to 1,000 feet). 

Chapter IV. Geology of the Igneous Rocks, 

A majority of the outcrops of igneous rocks lie within the 
erosion valley of the St. Croix river and thus owe their pres- 
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ent exposure to that stream. Notable exceptions to such dis- 
tribution of the exposures are the prominent ridges, one to 
three miles distant from the river on either side, rising con- 
siderably above the surrounding drift. On the accompanying 
maps the location and surface extent of these rocks are given. 
The total area of their outcrops is about two square miles. In 
general, the occurrence and characters of the igneous rocks of 
this region have already been described by get^logists.* 

Many of these early descriptions are accurate and followed 
by logical ci»nclusions. Present opinion^ of ge«logi*ts are 
summarized in the following statements: 

The iiriMH^us nx'ks of the St. Cn>ix Trnlle^ represent the southwestern 
extecsk^o of the roloanic flows and sedimeDtarr strata knowo in the 
lake Superk^ re^Mi as the Keweeoawao or Copper Bearing seriesL Irr- 
iog? instst^: upt>o the kientitv in eseeotial characters <«f the igneous rucks 
of KeveenaT p-nnt anJ th>j8e of the St. Crvux valiev.'*' and this is con- 
sk!en?<d by |y:v«.>ki^ists the true ct^rreiatioo. 

Kewt^eoavac sedimentaries hare not yet been «-»beeTTed in lhe«e 
s^Hithwet^eriy areas. The rock haks been caiied inoist fm|neotiy a mel- 
aphyr. .\ serrate outlioe;^ ol so<De of the outcrops and a step-like ap- 
("vearano^ of others hais been n^feiTed to as iodicatiTe of the dip of these 
betls. A system of jointing pLaoes Is regarded as evidence df separate 
asd f«^fhap««^ DuoieffVHXS flows of oKKien matter. The vertical pianifs of 
thss system represent an esseotially basal tk" fracture apf)co3dmateiT 
perpeodk-'u^ar to the c^xxicsr surface??: whLe the more perststect though 
^xuewhat irretiruiar planes;, iibore nearly horizontal, su^f^^est tines of si 
aratk>D betwen suoceissaTe A.>w& The dip of thes»» planes^ which 
f;&irly uniform thrvHuchout the area, iss^ in the vkrinity *>f St. Croix 
an avera^ of 15 desprees W. by S.§ 

DtZfereoces^ ic physkral aad minefaLo«:k*al character cccTes{».<idine 
r\H2j:iiiy with th* above mpeatijoed sep.irati« pCanes. have be^n »>ted 
by tie eJirJe- ar:^>i>^J?C- ba; ot f a ly d^>•-i>^J. Cxizv>Jiera::f:5 in 
.•».«saiC« wiUi the vo£caBi*.' rocks at numieroas ptAices are re^arxipd as be- 
xz^nn^f to the next sceotc^ic a^e — the Cambrtaa. 
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Additional Data and Discussion. Vertical or basaltic 
cracks and fissures are more numerous in some outcrops than 
in others. Outcrops west of the river and especially those in 
the immediate vicinity of Taylor's Falls, show this character 
in its highest development. Certain parts of the flows exhibit 
these joints to a more marked degree than others, the supposed 
upper portions of certain flows being singularly free from 
them. It is possible that the vicinity of the falls has suffered 
from additional disturbance, for jointing planes are especially 
abundant at the Dalles accompanied by large fissures. One 
of these large fissures has exerted a powerful influence upon 
the course of the St. Croix river at this place. 

If one pro.,*eeds up the river toward the elbow without 
change of course so far as to the enclosing wall on the east 
side, it can be observed that there is an immense fissure in 
that wall extending without change of direction, but with 
converging sides back a considerable distance from the river. 
The vertical sharply cut walls of this fissure stand apart 
about 20 feet and widen in the direction of the river's course. 
At present the St. Ooix turns almost a right angle at the el- 
bow in the Dalles and flows westerly in a straight line between 
walls of solid rock for a distance of almost half a mile, while 
a continuance of its original southerly course in a channel 
through the same kind of rock for only 20 rods would have 
accomplished the same purpose. Such freakishness can be 
explained only on the ground of some structural aid in the 
misdirection of the river. The columnar structure of the 
rocks has made it possible to preserve almost vertical cliffs 
throughout the history of this river. The heat of summer 
and the frosts of winter levy contributions from year to year 
for the accumulating piles of debris at the foot of the cliffs. 
Some of these blocks drop into the river whose maximum 
depth, now 160 feet, is gradually but certainly diminishing. 
In view of the erosion effect above the falls it is scarcely pos- 
sible to believe an}*^ such depth attainable in this extremely 
hard diabase rock without the acceptance of one of the fol- 
lowing conditions : either the complete undermining of the 
igneous rock at its edge by the erosion of the underlying for- 
mation, or the occupancy of an original fissure line and plane 
oF weakness by the river, making it necessarj' only to main- 
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foot of each step. In some instances also there is a zone of 
jj^reater porousness at the top of each step than is usual in 
other parts, and greater local differences are developed in the 
rock. Greater hardness in places separated by areas more 
readily destroyed has given rise on one of these benches to one 
of the most magnificent exhibitions of pot-hole erosion any- 
where to be found. In at least two places a decidedly schist- 
ose character has been developed at the immediate line of sep- 
aration. In a good hand specimen the bands and veins show a 
considerable crumpling of the layer. 

On the bench e^st of the river below the loll bridge the so- 
<*alled flowage structure is extensively displayed. On certain 
|)ortions of the bench above the public school building and at 
least at one point on the east side of the river a distinctly 
brecciated structure has been preserved. This is offered as 
nn addition to the evidence of the complete independence 
of these successive steps and a proof of the theory of separate 
surface flows. 

In this zone occurs a limited development of the tough blue 
diabase and the still more limited tufaceous rock which has 
been found at three different horizc-ns at Taylor's Falls. (See 
chapter on the lithology of the igneous rocks.) In this zone 
secondary quartz is so abundantly formed in places as to 
make up , almost one-half of the rock although secondary 
quartz is by no means confined to this plane. 

Quartz veins, secondary feldspar, grains and threads of 
metallic copper occur. In no other corresponding portions of 
the flows are there any correspondingly great variations. At 
one point a quartz segregation, tilling one of these lateral 
separation planes, has been worked for copper, but with no 
success. 

The set of joints and columns is usually interrupted at these 
separation planes. Below this zone in every case the typical 
flow shows a considerable uniformity of adjacent areas, a 
stronger tendency to the formation of joints and columns, a 
very dark color and a typical diabasic texture. Lustre, mottling 
p()rph3^ritic development and chloritic alteration products 
are also more c()mmon. 

The thickness of the severaF rt()ws as thus separated varies 
bctwtMMi 30 and 00 feet. That they may include other thinner 
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beds similar in character and perhaps also following each 
other closely in point of time is quite possible. But that 
every lateral plain should represent a division between two 
successive Hows is not in keeping with any single point of ev- 
idence. At other outcrops the thickness of the flows appears 
to be much less than at Taylor's Falls, but at no place is there 
a better opportunity for the study of so many flows in succes- 
sion each of which is accessible throughout its entire thick- 
ness. Everywhere the topography is the feature first inviting 
investigation, but at no point so well as at the Dalles is the 
topography so perfect a guide to the exact divisional planes 
over so great an area. 

Thickness. The total thickness of the Keweenawan at this 
point is not known. Accepting the dip of 15 degrees as fairl}^ 
constant over the whole district, 4,000 feet will represent ap- 
proximately the thickness of the rocks in sight. What the 
total thickness of the Keweenawan is at this locality is not 
known. The Stillwater well penetrated these flows from 717 
feet to 3,408 feet of its depth.* 

Foids in the Keweenawan Mocks. Adjacent areas from 
which data are obtainable bearing upon the Keweenawan sur- 
face, are the Kettle river outcrops at Chengwatana and vicin- 
ity, about 27 miles north, and at Stillwater, an equal distance 
south of the Dalles area. The Kettle river outcrops dip tow- 
ard. the east or south of east at a high angle. Seven or eight 
miles west of the St. Croix river this angle reaches 50 to 75 
degrees, but passing eastward the dip flattens rapidly until it 
becomes very low, 10 to 15 degrees, at the outcrops along the 
St. Croix river itself. f These exposures are not over 900 feet 
above the sea. 

At Taylor's Falls the outcrops show a dip of about 15 de- 
grees toward the south of west at an elevation of 1,100 feet. 

At Stillwater the Keweenawan igneous rocks were reached 
in u deep well at a depth of 717 feet, J which makes the sur- 
face of the igneous rocks coincide very nearly with mean sea 

*A. D. Meeds, The Stillwater Deep Well, Bull. Minn. Acad. Nat. 
Sciences, vol iii, no. 2, 1891, p. 274. 

IR. D. Irving; The Copper-bearing Rocks of lake Superior, U. S. G. 
S., Monograph v, 1883, pp. 242-245. 

XLoc. cit.j Bull. Minn. Acad. Nat. Sci., vol. in, no. 2, 1891, p. 274. 
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level. Botwoen Chengwatana and Taylor's Falls there is a 
trough which is the continuation of the lake Superior syncli- 
nal and which probably swings southward here.* 

The strike of the exposures of diabase at St. Croix Falls, if 
projected beyond the area, passes 10 miles to the east of Still- 
water. A dip of 16 degrees carries the strata down over 1,400 
feet per mile, so that, if this angle were constant toward the 
southern limits of these rocks, they should not come within 
13,000 feet of the surface at Stillwater. In fact they would 
pass to a lower level in the distance of a single mile from the 
last outcrop in the Dalles area than is actually reached at 
Stillwater. And the tendency of the strike to swing even 
farther eastward, as has already been noted, would serve only 
to increase the discrepancy. 

Under thoj^e conditions it is clear that there is an extensive 
trough between Taylor's Falls and Stillwater which may be 
considered a secondary fold beyond the limits of the major 
synclinal fold of the lake Superior axis. 

Unconformity, The unconformity between the Keweena- 
wan eruptives and the Cambrian sedimentaries is nowhere more 
clearly marked than at Taylor's Falls and St. Croix Falls. 
Wherever the actual contact of these two formations is seen, 
evidence is clear of the immense time and erosion interval be- 
tween them. Four or five such contacts are known in the ex- 
posures within the immediate vicinity of the Dalles on both 
sides of the river. 

Ditferences of erosion of adjacent areas, amounting to 400 
feet, accomplished previous to the deposition of the earliest 
shales, is shown along the present course of the St. Croix 
river. This is probably no exceptional occurrence, but is a 
fair example of the general erosion previous to complete sub- 
mergence. 

DRUMLINS CONTAINING OR LYING ON 

MODIFIED DRIFT. 

By Warren Uphasi, St. Panl, Minn. 

The occurrence of beds of sand and gravel inclosed within 
oval accumulations of till, which in all other respects appear 
to be typical drumlins, has been reported in several of my 

*R. D. Irving: The Copper-bearing Rocks of Lake Superior, U. S. G. 
S., Monograph v, 1883, p. — and map. 
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fiii-nif r papers.* In the localities thus studied iind described, 
the nucleni beds were evidently nf con tempo ran eon p origin 
with the till. While the drtimlin hill wits being atnussed, for 
It considonible time the drift forming it was stratifit-d gravel 
and sand, brought and deposited by streams of water from 
the melting of the overlying and wasting ice-sheet. Other 
parts, basul and superfieial, were till, being unstratitied gla- 
eial drift deposited directly from the ice, without modifica- 
tion by water action. 

Dnimiins are attributed, in these papers, to convergent 
currents of the border of the ice-sheet when a layer of drift, 
having become supcrglacial, as on the Malaspina glacier, was 
enveloped by a later onflow of ice above it, being then amassed 
englaeially or subgiacially in these hills very near t() the 
boundary of the ice, that is, within a few miles ()r probably in 
tome cases within even less than one mile. Siibsequently this 
opinion has received fiome confirmation or support from Green- 
land, where, beneath the terminal clilt's of its inland ice and 
peripheral glaciers, masses of drift were see)i and photo- 
graphed by Chamberiin, with the ice lamination curving drum- 
loidally over them.f 

Although the drnmlins, like the Wisconsin and later mo- 
raines, belong to the general time of LateGltieial orChamplnin 
retreat and final departure of the iee-sheel, this view of their 
iirigin ascribes their formation to substagea when the reces- 
sion of the ice boundary was much slackened or even was in- 
terrupted by a temporary readvanee. The edge of the ice-fields 
was then thickened by exceptionally abundant snowfall during 
II series of years, and by outfiow of the higher ice from some 
distance back of the border. According to my studies and 
mapping of drumUns and associated drift deposits in New 
Hampshire and northern and eastern Massachusetts, it seems 
to me probable that in this region mainly the glacial recession 

* Boatun Society of Natural Historv, vol. xxiv. pp. 228-212, April. 
1889; vol. xnvi. pp. i-H, Nov., 1802, with dlseuBsion by ProtB. W. M. 
DavJB and Q. H. Barton (pp. 17-25). 

Am. Geologist, vol. x, pp. 239-262, Dee. 1892, including bibliographic 
iiotee: vol. XIV, pp. 68-83, ivith sections ol drumlins in Scituale, Mass.. 
rcmtaininK nucieal alratilied dei«wits, ami a ninpot ihinnliiiti in Madiwin. 
Wis., which consist mtiinly of a nucleus of oiodilird drift. 

tBulletic, Geol. Soc. Amer., vol, viftttAMBU^ with t-iulit plutcs, 
Keb,. 1885. I iiiiiii^Hiiir 
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WHS only slackened while these hills were being accumulated. 
But glacial readvance probably attended the formation of 
drumlins in central New York, where Davis has observed sec- 
tions of these till accumulations lying on beds of gravel and 
sand which were somewhat eroded before the deposition of 
the till. 

Wherever free drainage from the ice border permitted the 
waters of the glacial melting and rains to flow awa^^ bearing 
the fine rock flour and clay in suspension, the nucleal and 
basal modified drift accompanying the drumlin till consist of 
gravel and sand, wi)ich could be deposited from running 
streams. In New Hampshire, during my observations of many 
sections of drumlins and of allied lenticular slopes of till rest- 
ing on rock hills, a few instances were noted having such 
coarse modified drift, from a few inches to five feet or more in 
thickness, lying between lower and upper deposits of till 
which were interpreted as respectively subglacial and engla- 
cial drift when the ice-sheet was finally melted away.* 

On the other hand, where drainage could not take place 
freely during the departure of the ice-sheet, the water being 
ponded against the ice border, as in the extensive basins of 
lakes Winnipesaukee and Squam in central New Hampshire, 
very remarkable beds of horizontally stratified clay, some- 
times free from stones and gravel, but occasionally containing 
many small rock fragments dropped from the overlying ice, 
were formed between a lower subglacial till and an upper en- 
glacial and finally superglacial till. The upper till varies in 
thickness up to 10 feet; and the stratified clay next below is 
usually only a few feet thick, but in some places, well ex- 
posed by excavations for brick-making, it is 20 to 30 feet 
thick. It occurs, here and there, at all altitudes up to 300 
feet above these lakes on the adjoining drift-covered high rock 
hills; but no deposits of stratified cla}^ are found in this dis- 
trict without the thin envelope of the upper till.f 

Comparing these observations with the sections of strati- 
fied brick clays noted by Marbut and Woodworth in Somer- 
ville, Medford and Saugus, Mass., we may well ask, in the few 
places where those stratified clays are seen to be overlain by 

♦Geology of N. H., vol. in, 1878, pp. 289>291. 
tGeology of N. H., vol. in, pp. 131-137. 
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lill, whetlier bdth tho clay beds and till may "be referable to 
nearly contemporaneoua deposition from the waning ite-eheet, 
like tile niodiHed drift found elBewhere in and beneatli drum- 
ling, and like the clay beds on tile hills surrounding lake Wiu- 
nipesaukce. Tliis interpretation of the relations of the brick 
clays and overlying till, the latter in part amassed as drum- 
lins, seenis to lue better in accord with other features of the 
glacial geology of eastern Massachusetts than the view pre- 
sented in their paper (with the joint authorship of Prof. 
Shaler), namely, that the stratified el&ys were overridden by 
a readvanceof the ice-sheet from the vicinilyof Doston toils 
former limits on Martha's Vineyard and Nantucket.* 

This strutJHed eliiy formation, extensively used for brick- 
making beside the Mystic river estuary, is chiefly free from 
any covering of till and boulders, which wiiuld he expected to 
extend continuously over it as a mantle if the ice-sheet read- 
vanced across this area after the clay beds were deposited. 
Therefore, instead of theinterglaciul origin suggested by these 
authors, the brick clay seems to me to be a piirt, like the clay 
beds in the Connecticut and Merrimuck river valleys, of the 
large amount of modified drift which was deposited progres- 
sively while the ice-sheet was retreating, earliest southward 
and later northward, dnring the Champlain or closing epoch 
of the Glacial period. The upper limit of these clays, gener- 
ally 10 to 20 feet .above the present mean tide sea level, is 
probably the measure of the maximum Champlain depression 
of this part of our coast. Being deposited in the somewhat 
enlarged Mystic estuary close to the receding ice border and 
perhaps in part under the edge of the ice, as in the vicinity of 
lake Winnipesaukee, the stratified clays may in some locali- 
ties of small extent have become covered by the contempora- 
neous till formed likewise under the edge of the ice-flelds, 
whether spread somewhat evenly or heaped in drumlins. 
Hence it seums more likely that the brick clays reach only 
slightly under the edge of the drumlins and other ascending 
slopes of till than that tliey continue under the entire drum- 
lin masses, uf! slmwii by Murbut in his diagrnniiuutic Bectiwis, 

•U. 8. Ueol. Suney, Seventeenth Anouat 
11)04, with mnpM and sectioUB (noticed ii 
month, p. .128}. 
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Elsewhere the evidences of reudvances of the ice-sheet in 
our Atlantic coastal region, atforded by fossiliferous beds un- 
derlain and overlain by glacial deposits, as observed by the 
present writer in southeastern New Hampshire,* by Prof. C. 
H. Hitchcock at Portland. Maine,f and by Mr. Robert ('hal- 
mers near St. John, N. B.,J appear to indicate only moderate 
fluctuations of the border of the continental ice-sheet. Nowhere 
east of the Ohio is a great glacial readvance demonstrated 
by plentiful fossiliferous interglacial deposits and an old 
land surface, like those of the forest bed next underlying the 
lowan till in the upper part of the Mississippi basin. 



A SPHINCTOZOAN CALCISPONGE FROM THE 

UPPER CARBONIFEROUS OF EAST 

ERN NEBRASKA. 

By John M. Clarke. Albany. N. Y. 
(Plat« XXin.) 

In the pn»secution of investigations upon the Carboniferous 
and Permian formations of Nebraska and Kansas,^ professor 
Charles S. Prosser, of Union College, Schenectady, N. Y., col- 
lected a series of interesting specimens (»f a calcisponge which 
he has kindly given me the opportunity of studying. As these 
]>rove to represent a group of sponges not before observed in 
American fossil faunas, they are entitled to brief notice. The 
geologic position of these bodies is the Wabaunsee formation 
(Prosser), the middle division of the upper Carboniferous, at 
the villages of Nehawka and Weeping Water. Nebraska, where 
they are associated with well known species, such as: Semin- 
i'la subtilifd, Derhya crassa^ Enteletes hemiplicata^ Chonetett 
tfranulifera, Productvs loiujispinns, llviffedia mormoni\ Spiri- 
fer cnmerttfus, S. Imeatus^ etc., etc. 

These specimens represent a species of the annulated and 
chambered calcisponges which have been found at various 
])laces in the ui)per Carboniferous and Mesozoic formations of 
Europe and Asia. Many of them bear a striking resemblance, 

♦Geology of N. H., vol. in, 1878, p. 10;j. 

tProc. A. A. A. S., vol. xxii, for IHT.'J, pp. 16:^-175. Geologv of N. H., 
vol. in, pp. 279-282. Geo). Maprazine, II. vol. vi, 1879, pp. 248 250. 
JBulletin, G. S. A., vol. iv. 18D2, pp. .%l-.370. 

SSee Journal of (Teok)py. vol v, n<i. 1 and 2, 1897. 
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both without and within, to the cylindrical, chambered, siphon- 
jited shells of Orthaceras^ and, indeed, the first of them to be 
described was termed Orthoceras vesicuhtsum by DeKoninck.* 

These sponges have been grouped together by Steinniann 
under the name iS/>///;/c^ozoa.j' This author has divided all 
the extinct members of the order Calcarea or Calcisponyin into 
the two groups, !uozo(i and Sphlnctozoa, and the latter are thus 
defined: J ''IStthincUtzon. The simple or compound sponge- 
bodies consist of ring-, or ball-shaped segments. Their outer 
wall is penetrated by simple, and for the most part, straight 
canals, or is (juite solid." 

In contradistinction to these the Inozaa are defined as thick, 
massive and compound, and penetrated by branching canals. 

Among later writers, Rautf,§ and, following him, Zittel,|| 
regard the most of these Sphinctozoa as related to the existing 
calci sponge St/con, on account of the simple character of the 
radial canals and have hence assigned them to HaKjkel's or- 
der Sycones, It has been clear to all students^ of these fossils 
and is ver^ evident in the specimens now under consideration, 
that skeletal spicules are of great rarity or seldom distin- 
guishable, the walls being a compact, calcareous mass with 
coarse perforations and often a distinctly fibrous structure. 
Steinmann laid little importance upon the existence of a 
coarse, vesicular structure in these Sphinctozoa, possibly be- 
cause it was not clearly exhibited by his specimens, but in 
those described by Waagen and Wentzel, from the middle Pro- 
ductus-limestone of India,^ as well as the Nebraska specimens, 
this vesicular structure is ver}' pronounced, the vesicles 
being produced by laminar diaphragms arching from one w^all 



♦Quart. Jour. Geol. Soc, London, xix, p. 15. 

tG. Steinmann; PhKretronen-studien (Neues Jahrb. ftlr Mineral., 
1882, 2, pp. 139-191, pis. (5-9). Both here and elsewhere Steinmann has 
regarded those bodies as Pharetronee (see also Steinmann and Doeder- 
lein, Eleniente der Palaeontologie, pp. 70-73, 1890), employing this term 
in, perhaps, a somewhat broader sense than did Zittelin erecting it inti\ 
ordinal value. 

JPalaeontologie, ut (rit., p. 71. 

§Pala?o8pongiologie, Ist Th., pp. 100-102, ia93. 

llGrundzftge der PalaBontologie, p. 61, 1895; and Eastman's ZittePs 
Text book of Palaeontology p. 66, 1896. 

^Sec Menioirs, Geol. Surv. India: PalseoDtologia Indica, Ser. xiii. Salt 
Ran^e Fossils, 1, Productue-limestone, 7, pp. 967, et seq,, pis. ICtt-lOd, 
1887. 
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to another of the interseptal chaniberB or intersecting other 
diaphragms. The presence of this structure, when well de- 
veloped, has suggested to Waagen and Wentzel the possibilit}' 
of a relationship to the corals and that the Pharetrones are 
actually more highly organized than the true sponges, and form 
a transitional phase between the Spon(jiozoa and the corals. 

We may observe that of the sphinctozoans discussed by 
Steinmann, the majority of the genera are from Mesozoic fau- 
nas. All the paleozoic genera known are from the upper Car- 
boniferous rocks of theAsturias, the Salt-Range, and now from 
Nebraska, and bear the names, Sollasia, Steinm., Amblysi- 
jifione/la, Steinm., and Sebavfjasia^ Steinm. 

The bodies from Nehawka and Weeping Water are sim- 
ple subcylindrical individuals, straight or gently curved, the 
largest fragment measuring TO"^'", and indicating an entire 
length not exceeding 100*""\ The fossils are from a calcare- 
ous shale and have, for the most part, been somewhat com- 
pressed. Their interior cavities, the cloaca and the intersep- 
tal chambers, are tilled with compact grey limestone distinct- 
ly' and finely oolitic, and their exteriors are frequently entan- 
gled with encrusting bryozoa and remains of other fossils. 
The septate or annulate aspect of the exterior is always 
shown, and when this external surface is free of other organic 
rcMuains and cleansed of the attached matrix, it presents the 
aspect of a Fistnh'pora or of a small celled Alveolites; that is, 
the mesh-work of the skeleton is made up of polygonal cells, 
all of small size, not always opening directly outward, but in 
places frequently presenting oblique apertures. So fine is this 
superficial network, and so uniform the size of the cells that 
one might casually interpret the entire fossil as a macerated 
Orthoceras overgrown with an encrusting bryozoan. 

One of the specimens is preserved with its aperture entire, 
which shows it to have been a simple, narrow circular cavity. 
On cutting these bodies along their longer axis we observe, 
first, a continuous central cloaca, relatively much wider than 
would be the siphon of an orthoceran of the same size, but 
slightly constricted at intervals, where its walls meet the sep- 
ta. This cloaca is delimited by a well-defined circular wall, 
and thus has no communication with the septal chambers or 
the cavities of the annuli, except through the perforations in 
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this wall. The septa are at quite regular intervals and are 
convex upward. On the gastral surface they project slightly 
inward, as observed, into the cloaca. 

Each of these septa represents a former apertural surface, 
and the sponge affords, thus, an interesting instance of peri- 
odical intensity of the growth-force. The walls of the sponge 
thus exposed in section are very thin, approximately uniform 
in this respect, and all are perforated with straight, simple 
and relatively large canals. Those traversing the gastral 
wall (exhalent pores) are larger than the rest and appear to 
be of uniform size. The canals perforating the septal (that 
is, apertural) and exterior walls, are the inhalent pores, and 
with this necessary interpretation the septal cavities may prop- 
erly be regarded either as chambers for the accumulation and 
discharge into the cloaca, or as true ciliary chambers. We 
find that, for the most part, these skeletal walls have been, 
perhaps by secondary changes, converted into crystalline cal- 
cite, and this change has obliterated the spicular structure, 
and in some places the perforate structure of the walls. Else- 
where, especially on the external walls, there has of ten been a 
deposit of adventitious calcite which, in sections, gives the 
wall an unusual thickness. 

It is to be noted that there is no breach in the continuity of 
the external wall of an}'^ given annulation. The septal or en- 
closed portions of the wall do not meet the outer or exposed 
part as they meet the gastral wall, but the entire external wall 
is arched from the peripheral base of the chamber beneath, to 
the apertural margin of the cloaca. Reference has been made 
to the vesicular tissue formed in theintermural chambers by 
thin arched tabulte which may pass from the gastral to the 
dermal wall or, if numerous, extend from one to another. These 
laminie appear to be composed of compact librous tissue which 
shows a tendency to part along a median plane as though 
constituted of two distinct layers. Steinmann did not em- 
phasize the presence of this structure in any of the material 
embraced by him within the family Sph(frosiphonid(t^ but ob- 
served it as highly developed in his genus Cryptocoelia, 
Waagen and Wentzel's view, above expressed, that the pro- 
duction of such vesicular tissue is an altogether too pro- 
gessed function for a true sponge, is a suggestion too well 
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grounded to be disparaged, but their further inference that 
the existence of such tissue signifies relationship to the corals 
must be reconsidered in the light of the fact that vesiculation 
of exoskeletal tissue is the undoubted accompaniment of per- 
manent or temporary fixation, as evinced by the brachiopods, 
gastropods, lamellibranchs, bryozoans and the corals them- 
selves. 

In comparing the structure of these fossils with the various 
generic divisions of the sphinctozoans erected by Steinmann. 
it is seen that they belong to this author's family, Sphaerosi- 
phorndft, which embraces the genera Barroisia^ Munier-Ch al- 
mas {Aj^imn)^ Enoploc cell a ^ Steinm. (St. Cassian), Thalavw- 
pora^ Roemer, Ambli/srphonella, Steinm., (upper Carbonifer- 
ous, Sebargas) and Sehnrgasia^ Steinm., (upper Carboniferous, 
Sebargas). All of these forms possess a more or less com- 
plete central cylinder, and in the genera Barroisia, Ambly- 
siphonella and Sebaryasia, the generic difference is very ob- 
scure; in the last tw^o the sponge has a much more strongly 
annulated exterior than in the first, and between Barroisia 
and iSebargasia, and Amblysiphonella, there is a palpable dif- 
ference in the size of the meshes or pores of the skeleton, 
these being larger in the two former. On further investiga- 
tion, it may prove diHlcult to maintain more than a specific 
difference in the forms referred to Sebargasia and Amblysi- 
phonella, and to the former we should be disposed to ascribe 
the Nebraska species, on account of closer agreement in the 
size of its pores, with the single described form oi Sebargasia, 

Waagen and Wentzel have, however, referred the Salt- 
Range species which are, structurally, like ours, to the genus 
AinblyHiphonella from which they depart, in the presence of 
vesicular tissue, quite as widely as from Sebargasia, In def- 
erence to this employment of the term, we therefore designate 
the Nebraska species as Amblysiphonella prosseri, 

EXPLANATION OF PLATE. 

AMBLY8IPHONEL.LA PROSSEKf Clarke. 

Upper Carboniferous (Webaunsee formation), Nehawka and Weeping 

Water, Nebraska. 

Figures 1 and 2. Opposite sides of a nearly entire specimen, show- 
ing the aperture. 

Figure 3. A more slender and more strongly annulated specimen. 
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Figure 4. Longitudinal median section, showing the central tube 
or cloaca, and the septa, with the perforations in both. 

Figure 5. Fragment of a smaller specimen with a less constricted 
cloaca. 

Figure 6. Cross-section, showing the perforated outer and inner 
walls. 

All the above figures are natural size. 

Figure 7. Cross-section enlarged, showing the oblique laminae cross- 
ing the interseptal spaces and forming a coarse vesicular tissue. 

Figure 8. Enlargement of a portion of the cloacal wall and septum . 

Figure 9. Median cross-section of an interseptal cavity, showing the 
curving laminas: enlarged. 



ON GLACIAL DEPOSITS IN THE DRIFTLESS AREA. 

By F. W. Sardbson, University of Minnesota. 

The "driftless area" of Wisconsin, Iowa and Minne.sotn 
has been believed, as the name implies, to be entirely devoid 
of glacial deposits. It is doubtless devoid of '*northern drift," 
and this fact is worth expressing in the name of the area 
whether or not it has local drift deposits upon it. The name 
need not iniply that there never existed Pleistocene glaciers 
within the area's borders, although such is indeed asserted 
to be the case by American glacialists. I shall use the name 
herewith the reservation that ''driftless" means without north- 
ern drift. I may explain briefly, that a former teacher, Prof. 
G. Steinmann, had told me, that from knowledge of other 
continents he should deduce the theory that thedriftless area 
of Wisconsin has been occupied more or less by local glaciers : 
and while working a few days in this region last August, I 
have indeed found some deposits which I cannot explain as 
anything but local glacial moraines,and which would certainly 
not be called anything else if found in drifted regions. 

My opportunity for study of this " driftless area " has been 
limited and I shall not therefore attempt to maintain any 
theory of its glaciation, nor to present a description of its 
Pleistocene deposits, except to describe some of them in con- 
nection with certain non-glacial deposits of the drifted regions 
which appear also to be important factors in the study of the 
Pleistocene. It was mainly for the purpose of explaining the 
latter that my visit to the *• driftless area" was undertaken. 
These same non-glacial deposits associated with the northern 
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glacial drift, have been apparently often passed by lightly as 
drift deposits or modified drift, and also, as it would appear, 
the glacial phenomena of the " driftless area " have scarcely 
been considered, and a study of certain phenomena of the 
drifted and driftless areas together will, it is hoped, reveal 
them both more clearly. 

The Loess and Dune Sands, In this "driftless area" the 
uppermost deposit is the loess formation, consisting chiefly (»f 
loess loam. The deposit has been described from several 
counties of Minnesota, Iowa and Wisconsin, and is well kn(»wn 
to be continuous with l(»ess that covers the more ancient gla- 
cial drift surrounding the area. It is not a local deposit. It 
covers nearly the entire " driftless area,'' although much of its 
extent has been described as residuary clay of the disinte- 
grated Paleozoic rocks.* It differs from this residuary clay 
structurally, and is separated from it. Outside the '* drift- 
less area,'' drift intervenes between them. For example, at 
Freeport, Illinois, at the west side of the city in quarries, one 

sees : — 

Loe8B loam 6 feet 

Ijoess to feet 

Northern drift thin 

Residuary clay 1 to 2 feet 

Galena limestone 204- feet 

Farther north the unchanged loess and the " northern drift " 
become more and more frequently absent until in the " drift- 
less area " the residuary clay of the loess, loess loam, rests 
upon that of the limestones, as a rule, but the same are always 
distinct. No one has doubted that the residuary clay of the 
loess above the drift is continuous with that described here as 
loess loam of the "driftless area," although there has been 
confusion as t(» the origin of the latter. In places where the 
loess loam without loess occurs it is understood that the loess 
has been entirely reduced to loam, and only where a greater 
depth of loess existed does any of it remain. I observed this 
formation particularly in the Peccatpnica river basin in south- 
western Wisconsin, where it is associated with some wind- 
driven sands that aid in explaining its origin. 

This sand deposit is abundant in the valley, irregularly 

*J. D. Whitney, Gool. Wisconsin, vol. 1 (1861); Chamberlin and Sal- 
i8])ury, Gth Ann. Rep. U. S. Geol. Survey, p. 239, (1885). 
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distributed above the flooil plain of the river and upon the 
slopes. It is a loose sand made up of rounded quartz grains 
and some impurities, and shows no bedding, except where 
runs have washed across itduringits accumulation. The sand 
has been derived from the Saint Peter sandstone evidently, in 
this valley. The river has cut a wide valley through the Ma- 
quoketa shales and Galena limestones, through the Saint Peter 
into the Shakopee formation and in many places into promi- 
nences of the Oneota dolomite, so that the Saint Peter sand- 
stone borders the valley on both sides for HO miles. We have 
no reason to doubt that the loose sand has been derived chiefly 
from the Saint Peter, especially since no other probable or 
possible source is known. I do not know that anyone has 
ever distinguished this sand fr(»m the Saint Peter, heretofore. 
When it rests upon that formation it is distinguished by its 
entirely loose structure and by impurities, and by polished 
concretions of iron, and polished blocks of Saint Peter sand- 
stone or by chert fragments that lie upon the once denuded 
surface of sandstone upon which the sand now rests. That 
the loose sand is not mere residuum of the Saint Peter is 
proved by the fact that it often extends upwards over the 
Beloit and Galena formations which overlie the Saint Peter. 
This is seen well near Argyle, LaF^ayette county. Again loess 
loam instead of the sand often covers areas of St. Peter sand- 
stone. 

It is a wind driven sand deposit contemporaneous with tl;«* 
loess from which the loess loam resulted, and into which the 
sand graduates in many places on the slopes of hills. I can 
not otherwise explain it, than as wind driven sand because 
the sand grains have been driven up hill in many cases, and 
up the valley, or north instead of down it; because the sand 
shows general lack of sorting; and because it includes here 
and there assorted sand where small temporary streams have 
crossed it during its accumulation, showingthat it was aland 
area. The gradation from sand into loess ascending the 
slopes, without any stratification reminds one not at all of 
water action. Where the valley is open to southwestern 
winds, there esi>ecially the upward transportation of this sand 
has obtained. 

The thickness of the sand is from to 20 feet. The loess 
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loam is, on the contrary, quite uniforra, being about four feet 
or less. The sand forms local patches, while the loess loam is 
continuous with that of distant regions. Consequently the 
source of the sand may well be believed to be of local origin 
as explained, the loess, on the contrary, partly local but main- 
ly of foreign origin. The loess could not have been derived 
from the residuary clay of the limestones of the area since 
that clay is still uniformly covered under the loess; nor from 
a part of that clay unless the same had been uniformly moved 
oif and back again, which is ditficult to imagine, for so great 
a mass. If one consider the loess loam as a residuary clav 
from the Paleozoic rocks he has these objections to answer: 
How could two kinds of residuary clay form, one above the 
other, the lower one with residuary quartz or chert, the upper 
without them: the lower as a ruleon limestone and clay only, 
the upper one on sandstone also; the lower one extending un- 
der the true loess when it is present, the upper one extending 
over the same? The origin of the loess loam was most prob- 
ably from loess, the loess from remote regions chiefly. 

There is found in Minnesota and Iowa evidences of wind 
action on large scale. Especially in Isanti, Anoka and 
Chisago counties of Minnesota, are sands in structure like 
the wind driven sands of the Peccatonica valley. Warren 
Upham has described and interpreted some of them : 

Dunes of sand, gathered from the modified drift by the wind, and 
heaped up in mounds and ridges 10 to 20 feet high, riccur in the south 
part of sections 34, 35 and 36, Grow, Anoka county. They are blown 
into frequently shifting forms, like drifts of snow, and are too unstable 
to give a foothold to vegetation. It seems most probable that they 
were gathered from the coarser sand and gravel of the surrounding area 
«ix)n after the deposition of these beds, before they became covered, 
and protected from wind ero8i<m, by grass, bushes and trees."* 

Colonel Folwell, first president of the University of Minne- 
sota has described to me the same kind of an area which for- 
merly existed on and near the present site of the Universit}' 
campus. This area was gradually reclaimed mainly through 
the sand-bur, {Cenchrns tribnloides Linne) he informs me. 
Kvidence of this area still exists in a deposit of loose sand, 
(see fig. 17, p. 297, op. cit.) covering a long distance. Areas 

♦Final Kep. Minn. Greol. Nat. Hist. Survey, vol. ii, p. 418. 
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of loose sund covered mainlj by vegetation, often by large 
treee nnd formerly no doubt by primeval forest, have been seen 
by me in Hennepin, Rameey, Waehington. Anoka, Isanti and 
Cliipago coiintieK*in Minnesotii, and although my exploration 
has been merely incidental and not extensive, etill there seetn^ 
to be evidence enough to warrant the belief that deposits of 
wiTid-driven sand in this region are really very extensive. In 
all cases except one these sands have been interpreted as wat- 
er deposits* — modified drift — the evidence for which these 
sands do not bear. There is true modified drift too in the 
region. The ancient wind-driven sands are also extensive 
and very evidently the little desert in Anoka county, describ- 
ed by Warren Upham, represents only the remnant of a much 
larger one. 

The source of the sand here is the drift, since the whole 
region is drift-covered. Of course already sandy areas have 
afforded conditions for the greatest accumulation and hence 
the sand is often associated with the modified drift. It is 
spread or heaped over terraces and over hills, especially 
deep on top of low hills, as near Harris. 

Associated in the neighboring area is also a loess loam, seem- 
ingly of the same age, for example in Washington and Dako- 
ta counties, Minnesota, Winchell (N. H.) writes of the for- 
mer county: "on the most elevated tracts, is found a light 
clay-loam, of a yellowish color, which is comparable to thnt 
found in similar situations in DakotaandGoodhuecounties." 
(Vide op. cit. p. 380, 1. 33). The loam of Goodhue county is 
the pre- Wisconsin loess, the other post- Wisconsin. Salisbury 
has recently interpreted some deposits of loess upon the Wis- 
consin, although the deposits described by him are not adjac- 
ent to the Anoka desert. "Heretofore loess has not been known 
to occur in or above the drift of the Wisconsin epoch; but 
during the past summer it has been found in connection with 
this formation at several points in Wisconsin, namely near 
Green lake, Devil's lake and Ableman's."| 

Besides the sand and loe^s deposits that arc known to lie 
upon the Wisconsin drift there are probably Other pcrhapiJ 
larger contemporaneous ones. Yet the poet- Wisconsin as 

*Vide loc. cit. v- ^i^- Sg- 1^6. P- Kk''. 397, 352, 3TI, IKO, iOl. 1 
tSalisbury, 1896, Jour, Oeol. rvj " 
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■ss is no doubt inconsider- 
lodern and ineonsiderabie 
nevertheless, iire of very 
rue indieation of wbut the 
consin glaciers obliterated 
did it lirst overrun large 
I sunds to the northward? 
ft lies hero and there upon 
hatjiist preceding theghicia- 
tiou the cliiniite was not that of a. desert, Tiiere may have 
been such » period of erosion and non-deposition of tbe loess 
formation. lint if we consider the period of loess ni^cuinuln- 
tioii itself, wbo can stay that a desert did not exii^t then on a 
large scale*/ In Fillmore (rounty, southeastern Minnesota, I 
have noticed l>eds of liacly polislu-d pebbles on the top of the 
lowan drift. They are on high land, 1200 feet elevation ; they 
are not wnterworn pebbles, they are not rough-etched like 
the chert in residuary eliiy, but arc very smooth like the wind- 
sand polished snrfnces found on exposed <|uartzitu rock of 
southwestern Minnesotii. It is not now possible for me to 
tell whether abundance of such materials existed, but possibly 
they di<I and evidence of it may be looked for. 

Turning again to the explanation of the desert sand of An- 
oka county, as sand gathered by the wind from the modified 
drift at a time following the retreat of the glacier, and add- 
ing that as sand was driven so fine dust was at the same time 
transported to higher and more remote hills, we have one of 
the accepted theories regarding tlie loess deposits exemplified. 
If following the lowan drift period, an arid region prevailed 
through which retreating glaciers poured Hooded rivers there 
was an ideal condition for the driving of dust onto the hills 
and the formiition of loess. The Wisconsin glaciers could 
have again obliterated the sand plains and it!^ rivers worked 
over the valley deposits so that little except the loess could 
remain. 

Chamberlin and Salisbury {op. eit, p. 2«0) have discussed 
the origin of the loess around the "driftloss area," and have 
presented as an objection to the leolian iiypothesis the very 
phetiomenon which I would else have presented as evidence of 
i^ vis., "the predominant distribution of ioess along thegreat 
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valleys/' (p. 287). And in this connection I may cite their 
description of dunes, which may perchance prove of the same 
nature and age as those of the Peccatonica valley. 

'•The eastern bluffs along the Mississippi are frequently crowned by 
dunes of fine sand blown up from the valley below. These are usually 
composed of finer sand than is common to dunes in general, and this 
graduates almost imperceptibly into silt scarcely coarser than that of 
the loess itself; indeed not coarser than much loess on the face of the 
bluffs of the Mississippi, whence, indeed the dunes seem to be partially 
derived. From these dunes there spreads backward to the east, i. c. to 
the leeward, a mantle of fine sand graduating indefinitely away into a 
deposit indistinguishable from loess proper." (Op. cit. p. 2S6.) 

The " northern drift" is a more probable original source for 
most of the loess loam of the "driftless area'' than is the local 
residuary clays although both may have contributed. 

The Residuurij Clay and the Glacial Phenomena, It is not 
possible as it seems to me. that the loess loam covered portion 
of the "driftless area" of Wisconsin. Minnesota and Iowa 
could have been glaciated since the deposition of the loess up- 
on it. Regarding the highest points, like the Blue mounds 
and Piatt mounds, I cannot now tell, but glaciers could not 
have been very extensive during the Wisconsin period, since 
the lowan loess mantle is very extensive. Evidence of previ- 
ous glaciation must be sought under the three to six feet of 
loess loam. 

Residuary clay of the Paleozoic rocks, the same of which 
(^hamberlain and Salisbury say, **the deeper-lying clay w^here 
limestone is theadjacent rock, is the most characteristic mem- 
ber of the residuary earth series" (op. cit. p. 289), is as a rule 
wanting upon sandstones even where limestone had formerly 
rested, although it is represented often by a few chert frag- 
ments, concretions or polished blocks of sandstone. This re- 
siduary clay is a structureless, dark red-brown, stiff clay with 
irregularly intermixed fragments of chert from the disinte- 
grated limestones. It is found upon limestone, dolomite and 
clay surfaces, and reaches down into crevices or again rests 
upon Frost-broken rock. It clings tenaciously on the hillsides 
and 1 have been surprised at times to find it thickest where I 
expected to find it eroded thin. 

At Freeport Illinois, 20 miles within the limits of northern 
drift, the same residuary clay is in plnce in full thickness, 
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thus showing that glaciers did not necessarily remove it. I 
liave found residuary clay on the Niagara limestone* in places 
in Iowa where glaeiation had twice obtained. At Free- 
port the northern drift is mixed in the upper part of the re- 
siduary' clay, but otherwise the latter is not pecruliar. It seems 
to me evident that the existence of residuary clay in the 
'*driftless area'' is not proof that no glaciers existed there, 
during the lowan and Kansan (or pre-Kansan ) drift periods. 
If at Freeport the glacier had carried only residuary clay and 
chert, without northern drift, we should probably scarcely 
find traces of its former existence. Local glaciers in the "drift- 
less area" would evidently descend along the natural valleys 
merely, transporting materials in the direction of the surface 
drainage, and probably but little materials at that. Under a 
loess mantle slight evidence of drift is easily conceak*d more- 
over. Along the railway from Freeport t^> Dodge vi lie is one 
favorable line for investigation, because* of the cuttings, 
and there I have been able to devote a few days only to this 
and other geological investigations. 

About four miles below Dodgeville, Wisconsin, the Illinois 
Central railway cuts through a mass of unstratified residuary 
clay with chert besides some loose blocks of Saint Peter sand- 
stone. The clay here, as not rarely elsewhere, contains round- 
ed grains of quartz, probably from the sandstone. The ex- 
posure is ten or more feet deep and about 100 long, and no 
evidence of water action was found in any part of it, but on- 
ly the characters of boulder clay. The mass appears superfi- 
cially to be 20-80 feet thick. 300 yards long acrross the valley 
and 200 3'urds wide. The creek or river has (Mit across its 
west end, else the mass obstructs the valley. Its i)osition re- 
vealed to me no explanation of any origin t\\('ept that of an 
end moraine. It lies in the horizon of the Saint Peter sand- 
stone, above the flood plain of the river and had it not been 
for fortuitous exposures it might have been passed over as 
one of the loess-covered Shakopee and ()ner)ta dolomite swells 
that are so common in the East Peccatonica valley. 

Half a mile farther down the valley, the railway cuts 
through a loess-covered Oneota dolomite swell high above the 
flood plain of the river. The dolomite formation is covered 
by residuar}' elaj', and on the lower or southern side by an 
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extensive mass of red elaj, chert and sandstone blocks mixed 
together. A half mile farther another cut enters first through 
Saint Peter sandstone, then 100 j^ards through clay with chert 
fragments and sandstone blocks. This mass rests upon an ir- 
regular sandstone surface and is about six feet thick, covered 
by a six- foot mantle of undisturbed loess loam. The base of 
the exposure is fifteen feet above the flood plain of the river. 
At the southern end of the cut the chert and clay drift dips 
below the grade and probably extends a considerable distance 
down the valley. 

The three described masses of clay and chert are explicable 
only as the successive moraines of a glacier, that descended 
the valley from its head, five to six miles distant. How much 
farther the glacier may have previously extended I can not 
tell, but possibly to the limits of the *'driftless area." I ex- 
amined many exposures of residuary clay farther down the 
valley but came upon no accumulations like those described. 
One is everywhere reminded that no accumulation of clay and 
chert would have remained intact. The residuary clay upon 
the appertaining formations is uniformly thin and alike thin 
whether the latter are little or much reduced in thickness. 
Seemingly conditions had been such that the clay was swept 
off gradually following closely its growth from beneath, and 
in such a manner that it did not creep down the slopes onto 
the sandstone, nor remain accumulated. Moraines of loose 
clay would probably have been obliterated, leaving only their 
contained quartz fragments, which same are not safely inter- 
preted as moraines because such heaps may be due to unequal 
distribution of the chert in the decomposed strata. Thus, tr»o, 
the polished surfaces of the same fragments are not safely 
attributed to glaciation because the chert and other pieces in 
the residuary clay are more or less etched and are rough pol- 
ished anyway. 

The transportation of chert fragments from lower to high- 
er level might prove the existence of glaciers, but a place was 
sought in vain where a glacier must necessarily have ascend- 
ed. The '*Freeport gravel"* was found however on low hills 
but still far above the flood plain of the river. This brown 
gravel if truly an ancient deep-lying river gravel, as liershey 

♦Ilershey (1897): Am. Geolouist, vol. xix, p. 207. 
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considers it to be, has been seattered hif^li above its original 
bed in the '*driftless area," the same as at Freeportin the nor- 
thern drift. Taking for example the raihva}^ cutting through 
the Shakopee formation next south of Argyle station; there 
the residuary clay contains **Freeport gravel/' lighter colored 
chert from the Galena (Trenton), blocks of Saint Peter sand- 
stone, and common and oolitic chert from the Shakoj)ee for- 
mation itself. The chert fragments in the clay may be ex- 
plained as residuary debris from higher although in part no 
longer adjacent limestone; except the *'Freeport gravel" which 
seemingly has ascended. 

Mr. Hershey's theory of the "Freeport gravel" harmonizes 
with my own observatirms in that the red-brown chert has 
been seen in the valley's only, and inasmuch as it is scattered 
back upon the slopes above the river's plain and beyond where 
the river's bed could have been at any stage of its develop- 
ment, it is necessary to assume that in the '*driftless area,'' 
too. the "Freeport gravel" pebbles have been again transport- 
ed by glaciers. Much depends uj)on the future determination 
of the *'Freeport gravel" here referred to, in the ''driftless 
area." 

Deposits not covered by the undisturbed loess loam I have 
neglected to describe although some of them could be of gla- 
cial origin, as for example the boulders at Jonesdale below 
Dodgeville. There upon the west side of a ridge the south 
end of which forms a high, steep blutf over the river opposite 
the mill, is found a heap of rounded sandstone boulders one 
to twelve feet in diameter, covering an area (ifty by fifty feet, 
about twenty feet deep, and scattering up and down the slope 
but not extending back along the exposed side of the hill, 
in the direction from which they would have been transported 
by a glacier. They are probably boulders of disintegration, 
l)ushed from their resting j)laces along the side of the hill 
and left piled in a heap. The correspr>nding southeast side of 
the same ridge shows no similar accrumulation, but near the 
top are boulders of disintegration in place, nearly covered by 
sand and vegetation, which the heaped-up boulders are not. 
.1. 1). Whitney, who lirst called the 'Mead region" "driftless," 
(»l)served a similar occurrence of boulders in the midst of the 
area. He writes :* 



*(TeoloKy of WisconBiu, vol. i, 18G1, p. 137. 
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**We have already in the preeecliug pages fully set forth the fact of the 
absence of boulders or transported materials over almost the entire area 
of the lead region. A single exceptional case has, however, been notie- 
od, which is of great interest, and in regard to which it is difficult to of- 
fer a satisfactory explanation. The locality to which we here refer is 
one near Mineral Point, a little to the southwest of the Dreaduaught 
diggings. Here, between two small affluents of the Legate branch, on 
a ridge of Galena limestone, and at an elevation of about 125 feet abovt» 
the sandstone, which is exposed at the. base of the bluff or ridge some- 
thing over a quarter of a mile distant to the west, is a group of loose 
blocks of sandstone, - - There can he no doubt that these masses of 
sandstone have been raised either artificially or by natural means above 
their original place of deposit; a circumstance which would be of easy 
explanation, if the drift had ever swept over this region." (P. 239). 

The boulders are further described as angular, and" as bas- 
ed several feet below the surface. 

How much evidence of glaciation in the **driftless area" may 
be found by closer study, is not safely predicted. N. H. Win- 
chell in his description of Houston county, Minnesota, which 
is in the western part of the "driftless area/* says: 

"There is to be seen occasionally a local drift, or debris derived from 
the rock of the country round about, and this sometimes has a deceit- 
ful resemblance to true northern drift, yet it can always be distinguish- 
ed from it on examination.''* 

There may be beneath the mantle of loess-loam very wide- 
spread evidence of glaeiation. Of course no gigantic mo- 
raines like those of the enormous northern drift need be ex- 
pected and I think no great planing of the surface of the sub- 
jacent rocks should be a necessary result. *'The differences 
between adjoining glaciated and non-glaciated topographies 
are apparently due less to glacial filing down of prominences 
than to grading up of de])res8ions."'|" 

I formerly had the good fortune of often accompanying Prof. 
G. Steinmann of Freiburg, Baden, in his field work on the loess 
and glacial deposits, and beheld, almost in amaz(»ment, the 
great skill with which decisive evidence of glaeiation was 
often elaborated. I have not been able in my observation of 
Pleistocene deposits to use nearly so great skill, nor have there 
been time and facilities at my disposal for a satisfactory in- 
vestigation of the "driftless area." A few things are however 

♦Final R<^p. Geol. Nat. Hist. Sur. Minn., vol. r, p. '2:^7, I88i. 
tChamberlin and Salisbury, op. eit. p. 207. 
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very plainly seen, which, if one can correctly interpret, reveal 
others more clearly. And since it might not occur in a long 
time that any glacialist should see and associate together the 
phenomena which I have fortunately observed, since they lie 
widely scattered, and in another sense are a little outside the 
line of generally noticed phenomena of our northwestern drift, 
I have ventured to write briefly of them. 



EDITORIAL COMMENT, 



The Close of the Twentieth Volume. 

The American Geologist, established January, 1888, com- 
pletes a record of ten years with the issue of this number. No 
previous ten years of American gt^ology have witnessed more 
rapid progress, marked by more important events. In no pre- 
vious ten years has geological science spread over a wider scope 
or occupied more advanced positions in the activities of the 
day. Its ways and means of self-propagiltion are multiplied 
and the eiforts of its agents are more effective than ever be- 
fore. With the spread of geological science, and perhaps be- 
cause of it, at least commensurate with it, has been a revival of 
everything that springs from a knowledge of the earth, and 
particularly of mining and mining schools, of geological sur- 
veys and geological literature. At the present time it is prob- 
ably not rash to affirm that as many pages of geological liter- 
ature are disseminated in the United States in one year as 
were disseminated in ten 3'ears prior to the geological renais- 
sance. The dawn of this revival was due largely to Hayden 
and the survey that he established. It was brightened by 
Cook and by Wheeler, and was fully recognized when Powell 
energized the United States geological survey. This great 
central power has electrified and aroused into action the dor- 
mant geological possibilities of the nation and its example and 
its results have been influential in the remotest corners of the 
earth. Moving slowly, like all great and powerful actors, it 
has accumulated momentum as time has passed, and its last 
tell vears are its best. 

It is not possible to specify, at this time, any of the great 
direct results of this organization, but many of its indirect re- 
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suits are s«.'eii in the revival of jijeologitnil science already al- 
luded to. (reolojrjoal societies, surveysand journals have mul- 
tiplied. Nearly ev(jry educational centre, if not every impor- 
tant educational institution iji the land has its own means of 
pul)lisliing its gecilogical res(»arches. The earth was never 
prohed so thoroughly, and its seerets discovered so rapidly as 
to-dav. 

With the |)resent rapid scientilic and intellectural develop- 
ment in the I'nited States and in the world is a promise of 
ij;reater progress in the future. We may expect reasonably 
that the nif)V(unent now under way will n(»t be checked till the 
utinr>*5t bound of the capacity of human progress is reached. 
We will not sav that bound is in the infinit;' distance, but we 
are satislied that it is as vet far ahead of us. The record of 
the years and centuries that will intervene will be marked by 
nianv failures as well as by victories, but at last truth onlv 
will reign, truth wrenched from nature in its highest expres- 
sion, based on scientific research and established and perpet- 
uated bv the zeal and often by the self-sacrifice of its vota- 
ries. Among these votaries the geologist, the astronomer, the 
chemist and the physicist of every name, who contributes t<) 
the general advance, will occupy no mean rank. 

The Amkricax Gkolocust has taken part, during the puBt 
ten years, in this movement, and lias aided it so far as its ed- 
itors have had opportunity, and so far as their numerous of 
ficial duties would ])ermit. In this they have been enoouragf 
<luring the five years last passed as during the previous fi 
by the cheerful assistance of numerous fellow-geologists ■ 
have tendered their papers for publication, and who hinV' 
erwise assisted them in maintaining the journal. To th« 
editors wish to express their thanks. 

In the last ten volumes of the Geologist, two hun< 
twenty-seven contributed articles have been publi 
the |)roduct of the editors. One hundred articles 
<*ontributed by the editors, as well as sixty-six artie 
itorial Comment ;" and there have been described 
new speeies and genera. This takes no account o' 
dernM'" nor of ••Reviews.'" 

Th«' editors can make no promises for th*' 
than that whieh is di^ducihle from the past. .^^^ 
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they confidently expect the siiine friendly cooperation, and they 
expect to render the same or better service to American geol- 
ogy. N. H. w. 

The Taconic according to Reneviek. 

Following is Renevier's reason for not adopting the advice 
of Lapworth as to the use of the term Taconic in his lately 
published Chronoyraphe yt'oloijiqae^ to which attention was 
called in the American Geologist last month : 

G4ovgien. C^est I'age io plus ancien, dans lequel le vie organique soit 
certaine et incontest^e, mais la faune en est peu abondante etjimparfait- 
emont connue. La frequence relative de pistes d^ann<^lide8, lui avait 
faitdonnorle norn do Ann^lidieD. M. Lapworth vondrait appliquer (i 
cet ^tage Tancien nom Americain de Taconien, maisce ternie seraitune 
source de confusion, M. Walcott* afliniie on effot qu'ii n'y a pas trace de 
fossiles de la faune primordiale dans le Taconic range; done le type est 
fautif. D'autre part le nom de Taconien a ete revondiquo pour la s^rio 
enti^re du Cambrien, par M. Marcou et par d^autres. II manquerait 
absolument de precision pour designer Tune des Stages. 

It will be seen that thedecisi(»n against the use of the term 
Taconic was based on the statement of Mr. Walcott to the 
effect that in the Taconic range there is not known any 
trace of primordial fossils. The writer has considered this 
statement of Mr. Walcott in earlier volumes of the Geologistj 
on two occasions. 

In the first place it should be noted that this remark of Mr. 
Walcott was not published in the Bulletin of the U. S. Geo- 
logical Survey (No. 81) to which M. Renevier refers for 
authority, at least the writer is not able to find it 
there, but in an ad captandum argument published in the 
Apierican Journal of Science just prior to the meeting of the 
London session of the International Congress of Geologists.^ 
Immediately aft«r its publication this statement was analyzed 
(Am. Geol., vol. II, p. 221) and it was confronted with another 
quotation from Mr. Walcott's writing, in which he aflarmed 
that he had found primordial fossils at over one hundred lo- 



♦Buli. 81, U. S. Geol. Survey. 

tVol. II, pp. 220-222, 1888. Vol. vi, p. 247, 1890: What constitutes the 
Taconic range of mountains? 

XOp. rJt., vol. XXXV (3), p. 394. ''The name is inapplicable. The 
Taconic range, from which the Taconic system was named, is not known 
to contain a fossil of the first fauna, or a formation that contains one 
elsewhere." 
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calities in the typical Taconic area, in a formation 14,000 feet 
in thickness. In connection with this analysis it was shown 
that many ranges, and hills somewhat isolated from the main 
range, were to be included in the Taconic range and that 
these had not yet been examined ; and hence that it was too 
broad an inference from a slight examination to exclude the 
Taconic system from the region. This was written on the 
assumption that Mr. Walcott knew what and where the Ta- 
conic range of mountains was. l\ut it appears that he spoke 
inadvertently, or that he actually did not know where the Ta- 
conic mountains lie. 

On further examination by the writer into the literature of 
the Taconic mountains, this great mistake, so lamentable in 
its immediate results, was discovered and he called attention 
to the subject in an editorial in the Geologist, of which the 
following is a copy :* 

What Constitutes the Taconic Range of Mountains. 

Dr. Asa Fitch describes the Taconic mouutains in the following 
words: Runs along the east line of this county, immediately on the 
Vermont side of that line. From Mt. Anthony in Bennington, it passes 
through Spruce (or West) mountain. Red, Equinox. Bear, Antonio. Ru- 
pert and Pawlet (two names given to one long mountain) to Haystack 
east of Granville village. (Historical, topooraphfcal and Agricultu- 
ral survey OF THE COUNTY OF WASHINGTON, 1849, p. 93(5.) 

Prof. J. D. Dana describes the Taconic range of mountains in the 
following words, so far as they exist in Vermont: This great slate belt 
extends from Weybridge on the north to the southwestern corner of the 
state, widening southward and spreading into the state of New York. 
The part south of Brandon has been called the Taconic range of moun- 
tains, it being properly a continuation of the Taconic range of Massa- 
chusetts. [Am. Jour, Set. (3) XIII, 336, 1877.] 

Geologically these hills consist, according to Mr. C. D. Walcott's ge- 
ologi:;al map of the Taconic region, of "Cambrian" formations, /. e. of 
Taconic or primordial strata. [See his map accompanying his papers on 
The Taconic system of Emmons anu the use of the name Taconic in 
(jEOLoofC nomenclature. Am. Jour. Sci. (3) XXXV.] He also says: 
Fossils occur more or less abundantly at over 100 localities as now 
known to me within the typical Taconic area, and they are distributed 
at various horizons throughout the 14,000 feet or more of strata referred 
to this terrano. [Am. Jour. Sci. (3) XXXV, 242.] 

This is a direct and complete verification of the claims of Dr. Emmons 
in the establishment of the Taconic system on the rocks of the Taconic 
mountains. 



♦Am. Gf:olo(;ist, vol vi, p. 274. 
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Thine own mouth condemneth theoy and not l| yea, thine own lips testify 
against thee. Job xv, 6. 

This statement was accompanied by a plate representing 
photographed reproductions of maps of (1) the Taconic moun- 
tains in Vermont according to Fitch, Emmons, Hitchcock and 
Dana, (2) The central state belt, or "Hudson River" slates, 
according to Wing and Dana in 1877, in Rutland county, and 
(3) The Georgia formation, according to C. D. Walcott in 1888 
in southern Vermont. These maps and their designations are 
applied by their authors to the same identical area in Ver- 
mont, Therefore, according to Mr. Walcott, there are over 100 
localities in the Taconic mountains where primordial fossils 
have been discovered by him. 

But the mistake (?) had produced its designed effect. It 
prevented the favorable action of the London Congress on the 
report of the American committee recommending the term 
Taconic for the Lower Cambrian, and it still has its effect in 
preventing M. Renevler from considering favorably the opin- 
ion of Prof. Lapworth — an opinion which is gaining constant- 
ly the hearty concurrence of geologists, and which will ulti- 
mately be universally approved. 

The fact is, Mr. Walcott was favorably disposed, as he says 
himself, until the fall of 1887, toward the adoption of the 
term Taconic, and he gave an argument for its use, recom- 
mending it to the American committee in his first communi- 
cation. This state of mind continued as long as he was a 
candidate for election to thatcommittee at tfie instance of the 
director of the United States geological survey. When the 
committee failed to elect him, he withdrew hastily his report 
and refused to substitute another, and after a few weeks in 
the region of Mts. Eolusand Anthony (which are southeastern 
spurs of the Taconic region, but not correctly included in the 
Taconic range, composed of Lower Silurian strata), he hur- 
riedly drafted his papers and map published in the March. 
April and May numbers of the American Journal of Science, 
1888, contradicting his former views and strongly denouncing 
the Taconic system and its author, without having discovered 
a single new fact that bore even remotely on the Taconic 
mountains or the Taconic system. The world has been hood- 
winked by such tactics as this, ever since the Taconic system 
was announced. How long, oh, how long I n. h. w. 
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/. Goverumeat and Stale ReporU. 

U. S. Gei)l. Survey, Bull. 149. 152 pp., 1897. Biblu«rapfiy ami index 
ut North Ainbriaan geology, paleontology, petrology and mineralogy fur 
the year 1»9G, F. B. Weeks. 

Iowa Geol. Survey, vol. 7, Ann. Kept, for 1896. K>5 pp., 11 plates, 11 
maps, 1897. Geology of Johnson cimnty, Samuel Calvin; Geology of 
Cerro Gordo county, Samuel Calvio; Geology ot Marshall county, S. W. 
Beyer: Geology of Polk county, H. F. Bnin; Geology of Guthrie oouuty, 
H. F. Bain; Geology of Madison county, J. L.Tilton and H. F. Bain. 

Geol. Survey of Georgia, Bull. 5-A, 101 pp.. n pla., 1896. A prelimi- 
nary report on part of the phosphates and caarls of Georgia, S. W. 
McCallie. 

II. Proceeding* of Scientijlc Societies. 

Hist, and Sci. Soc.of Manitoba. Trans, no. i9. 17 pp., Ffb. 23, 18it7. 
The Lake of the Woods, its history, geology, mining and manufactur- 
ing, Geo. Bryce. 

Calif. Acad. Sc-i., Proc, ser. 3. Geol., vol. 1, no. 3. pp. 105-128, pla. 13- 
1."), Oct. 16, 1897. The development of Glyphioceras and the pbylogeny 
of the Glyphioceratidee, J. P. Smith. 

Anier. Soc. Civil Eng., Proc, vol. 23, uo. 8, Oct., 1897. Geology in 
its relation to topography, J. C. Branner. 

Acad. Nat. Sci., Phila.. Proc., 1897, pt. 2. Patagonia Tertiary fossils, 
H. X. Pilsbry; Scalpellum and Balanus from Texas, H, A, Pilsbry. 

///. Papers in Scientifiii Joarnula. 

Science, Oct. 15: The easternmost volcanoes of the United States, K. 
T. Hill, 

Ibid., Oct. 22: Is the Denver formation lacustrine or fluviatile, W. 
M. Davia. 

Ibid. Oct. 29: Special explorations ot the implement-bearingdepositA 
on the Lalorfarm, Trenton, N. J.. G.F.Wright: -Anew method of syn- 
chronizing strata. C. R. Keyes; Current notes on physiography, W. M. 
Davis; Lewis on the diamond, G, F. Becker; Note on the easternmost 
volcanoes ot the United States, Jules Marcou; Glacial strice, A. G. Rau. 

Ibid,, Nov. 5: The Geological Congress at St, Petersburg, J. J, 
Stevenson: A new investigation of man's antiquity at Trenton, H. C. 
Mercer and Arthur Hollick; Geology and geograpbyat tbe A. A. .\. S., 
C. H. Smyth, Jr.; Geol(«ical Society of America, C. H. Smyth, Jr. 

Ibid, Nov, I'i: (.'urrent iiotoB on physiography, W. M. Davis. 

School of Mines (Juarl., vol. 18, no. 4, July, 1897. An introduction to 
KjbAttUdy &Eld experimental determination of the character of crystals. 




Sci.. Nov. Gcflogy of southern Patagonia, J. B. Hatch- 

large ojHters .if Patagonia, A. E Ortmann; Former ex- 

_tLcro8e Mississippi, Louisiana and Texas. 



Correspondence. 409 

J. C. Bran ner: Some features of pre-Glacial drainage in Michigan, E. 
H. Mudge. 

IV. Ed'cerpts and Individiud Publications. 

The mineral wealth of Canada, a guide for students of economic ge- 
t»log>% Arthur B. Willmott. vi and 201 pp.; Wm. Briggs, Toronto, 1897. 

On the continental elevation of the Glacial epoch, J. W. Spencer. 
British A. A. S., Sec. C. Toronto, 1897: 2 pp. 

Geology of Polk county (Iowa), H. F. Bain. Iowa Geol. Survey, vol. 
7, pp. 2^3-412, pis. 7-9, 2 maps, 1897. 

Geology of Johnson county (Iowa), Samuel Calvin. Ibid., pp. 33-110, 
pis. 3-4, 2 maps, 1897. 

On the occurrence of fossil fishes in the Devonian of Iowa, C. R. East- 
man. Ibid., pp. 108-116, pi. 4, 1897. 

Our local geology, W. H. Barris. Proc. Davenport Acad. Nat. Sci., 
vol. 7, 19 pp.. 1897. 

The Batesville sandstone of Arkansas, Stuart Weller. Trans. N. V. 
Acad. Sci., 1807, pp. 251-282, pis. 19 21. 

V. Proceedings of Scientific Laboratories, etc. 

Mus. Comp. Zool., Bull., vol. 31, no. 1, pp. 19-44, pis. 1-5, Oct., 1897. 
Contributions to the morphology of the Turbellaria (II). W. M. 
Wood worth. 



CORRESPONDENCE, 



The Seventh International Conguess of Geolootsts. The last 
Congress held in St. Petersburg was cast in such heroic proportions and 
rarried out with such consummate skill that it easily stands out as a 
colossus, overshadowing all the preceding six, and its description must 
follow one of two directions: either a general direction, which seeks to 
convey the aims and results of the entire meeting as a whole; or the de- 
tailed description of its many interesting parts, including, of course, in 
this idea the excursions undertaken before, during, and after the regu- 
lar business sessions. These latter, indeed, so far as relates to the con- 
sideration of business and the adoption of resolutions to govern the 
method of formulating the results of the researches of the world's geol- 
ogists formed little more than a name and excuse for the gathering. 
Here again the idea, more or less developed at previous sessions, of pre- 
senting special collections of cartography, publications, and specimens, 
was so largely extended that the hall of display was the equal of many 
museums in the number and variety of objects, and the superior of 
most museums in the present interest of the objects displayed. 

The discussions were neither better nor worse than those of antece- 
dent sessions, though perhaps their hollow character as a means of 
establishing anything was never more apparent. At the general ses- 
sions, or those at which the vote expressing the sense of the Congress 
was taken, it was alwavs evident that the nature of the vote had been 
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(lettM-minecl previously at a meeting of tho council; and at the council 
meeting it was evident that the nature of the vote had been decided be- 
forehand by the one or two members always composing, of course with 
tho officers of the bureau, a sort of steering committee. In some cases 
where it was to be feared that there might bo opposing views and a 
doubtful result, the presiding officer, in stating the question on which 
the ayes and noes were to be demanded, held up his own hand when 
asking for an affirmative vote, in this way — that there might be no mis- 
take. In other cases it was ''assumed,** if no objection were made, 
that the proposition was accepted. Indeed a few decisions were taken 
"unanimously" in a direction opposite to that of the conviction of the 
majority present, "so as to avoid lack of harmony,'' as our diplomatic 
Italian ex president and general helmsman put it. But this absurdity 
is inherent in the system, and cannot be altered so long as future ses- 
sions attempt so much in so short a time. With all tho distractions 
surrounding the late meeting no proper and serious debate was possible 
either in council or general session, and the question was either decided 
at once as the steering committee wished, or it was adjourned, or put 
out of the way summarily under rule twenty eleven. Such was the fate 
of the resolution passed unanimously at the Ziirich session by both 
council and general session, requiring the late bureau to formulate some 
rule which would define the qualifications of a member and those of a 
(ielegate (if both terms were to be used). The bureau found this an 
unpleasant task, it is to be presumed, for it ignored the subject alto- 
gether. It would seem wise, if the taking counsel together of experi- 
enced geologists is to be continued, that there should be certain sessions 
of this Congress without excursions or other distractions at least during 
the <.lay time. The problems with which such a body has to deal should 
be clearly presented, divested of suparfluous matter, and really proposed 
and debated by those best qualified to do this. 

Even if no decision were arrived at such a debate would pave the way 
for a future decision; and if properly reported, become part of the most 
valuable literature pertaining to the particular question. 

On Sunday, the 17 (29) August, 1897, in the upper hall of the zoologi- 
cal museum of the Academy of Sciences, at 10 a. m., the members of 
the Council of ZOrich then present in St. Petersburg, having l>een con- 
voked, the president, M. Karpinsky, welcomed them. The bureau of 
the St. Petersburg session was then constituted by the election of 

Honorary President^ James Hall (former president). 

Former President s^ Capellini, Renevier. 

Presideidj Karpinsky. 

General Secretariesy Tschernyochew, v. Vogdt.' 

Vice Pres ide nis. 
(Tvnnain/j Von Richthofen, H. Credner, V. Zittel; Argentina^ Berg: 
Austritt-HuiKjary, Tietze, BAckh; Belgium, Mourlon: Bulgaria^ Zla- 
tfiT»k\: Canada^ LjiFlamme: De/imar/j, Ussing;.Spa//f, Cortazar; United 
:States, Marsh, Emerson, Frazer, Emmons; France, Gaudry. Bertrand, 
Ch. Barrois; Great Britain, A. Geikie, Hughes, Murray; Italy, Cochi, 
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Pellati; Jap/^/n, Kochibe; 3/f?a?/co, Aguilera: HoUand, Martin; Portugal, 
Mendes-Gaerreiro; Ronmanin, St^fanescu; Russia, Inostrantzew, Nik- 
itin, Stuckenberg, Sederholm, Lagorio, Fr. Schmidt; Sz/je^i^n, Nathorst, 
ToreU: Nitr way, BrOg^er, Reusch; Servia, Zujovic: Switzerland, Heim. 

Secretaries. 

Loewinson-Lessing (Russia), Boule (France), Belinfante (Great Britain), 
Lugeon (Switzerland), J. Walther (Gi^rmany), Mali (Italy), de Margerie 
(France). 

Upon organization it was decided that French shall be the official 
language of the Congress for business, the discussions which could not 
l>e made in French should be translated. Scientific communications 
may be made in French or German without being translated. The vol- 
umes of the Congress will be published generally in French, but the 
bcientitic works in the language of the manuscript. It was decided that 
the members of the Congress taking part in the discussions should de- 
posit with the secretary immediately after the session a copy of their re- 
marks. 

Wednesday, Aug. 20, was selected as the date of the council session 
at which the choice of the next place of meeting of the Congress should 
bo decided. It was decided to divide the time of the Congress as fol- 
lows: Monday -General Geology. Wednesday- -Petrography, Miner- 
alogy and Applied Geology. Friday— Stratigraphy and Paleontology. 
Saturday — Stratigraphy and Paleontology. 

.^t 1:30 p. m. the session of the Congress was foimally opened in the 
grand hall of the zoological museum of the Academy of Sciences by his 
Imperial Elighness, the grand duke Constantine Constant inovitch, the 
honorary pn^sident, and by her Imperial Highness, the princess of Ol- 
denbourg, president of the Imperial Society of Mineralogy. 

The honorary president read a telegram from the grand duke Alex- 
ander Mikhailovitch. The Minister of .Agriculture and Domain then 
read an address of welcome. M.le senator Prof. Capellini then replied 
as the oldest ex-prosident. M. Renevier, last president, then put the 
names of the bureau, proposed by the council, to vot«, and the Congress 
elected them. He then turned over the presidency to M. Karpinsky. 

M. Karpinsky then rea(J his address and was followed by M. Tscher- 
uischew in a detailed report of the labors of the committee on organiza- 
tion. 

Monday, Aug. 18 (30;, 1897, the general session of the Congress was 
«)p(»n^'cl at 3:30 p. m., in the grand hall, and M. v. Richthofen. who pre- 
sided, announced the very sad and sudden death of Dr. Spendiarow. 
who had taken part in the Ural excursion and was universally popular. 

M. Meunier exhibited an apparatus whereby the great lines and, to 
some extent, the details, of the organic structure of Europe could be 
iM'producerl by allowing a rubber hemisi)here covered by a thick coat of 
])iaster in trontract. M. Sacco read an essay on the "Origin of the 
Karth.'' M. Prinz n^ad a communication on the experimental repro- 
duction of the great terrestrial reliefs. A communication of M. Mars- 
»3on Mansdon on the " Evolution of Climates," was presented by the 
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president and read by title. M. Martin presented a memoir in Grerman 
on the *'Geologie des Moluques." MM. Forel and Upham spoke on the 
subject of glaciers. M. Lindvall made a communication on the causes 
of the glacial period. 

Wednesday, Aug. 20 (Sept. 1), 1897, at 9 a. m., in the Council hall, M . 
Renevier proposes to elect M. Ilauchecorne president of the committee 
on the map of Europe in place of .M. Boy rich, decease<l, and to add M. 
Beyschlag to the committee. It was decided that the report of the com- 
mittee should be presented to-day. M. Karpinsky proposes to name a 
committee to consider the principles necessary to the chronological 
classification of the sedimentary rocks. It is decided to name them at 
the next session. M. Gaudry presents the invitation of French geolo- 
gists to the Congress to meet in Paris in 1900. M. Heim thought the 
distractions of the world's fair in that year and place would hamper the 
work of the Congress. M. Emmons, in the name of some of his Amer- 
ican colleagues, oflfered the following resolution: '*Thatin future the 
quality of member of the Congress be reserved for persons whose candi- 
dacy shall have been approved by the principal geological pocieties or 
institutions of the country to which they belong." On motion of M. 
Mendes Guerreiro the council decided to separate the questions of the 
place of meeting and the limitation of the admissions. M. Karpinsky 
put M. Gaudry's proposition to vote. M. Tietze states that the Aus- 
trian geologists have been charged with inviting the Congress to hold 
the 9th session in Vienna. This invitation was accepted (?) unanimously. 
The further discussion of the limitation of the privileges of membership 
is postponed. 

M. Karpinsky proposes M. Bertrand to preside at the morning session 
of the Congress and M. Groth at that of the afternoon. Agreed to. 
M. Walther in the name of several members of the Congress reads the 
proposition for the establishment of an international floating institute. 
The order of the day for the general session is then adopted. 

General Session. Wednesday, Aug. 20, (Sept. 1). 1897, 11:15 a.m., 
Mr. Marcel Bertrand presiding. 

M. Fallot invites the University professors to come in numbers to Bor- 
deaux next year May 19 and 21 to take part in an international Con- 
gress of superior instruction. 

M. Renevier speaks of the geological map of Europe and M. Beys- 
chlag reads its report. 

The order of the day is then taken up by a discussion of the terms of 
the articles by MM. Bitner and Freeh modified and condensed by MM. 
Karpinsky and Tschernyschew. 

I. *'The introduction of a new stratigraphical term should be based 
on well determined scientific need and occcasioned by peremptory rea- 
sons. Every new appellation should be accompanied by a clear batro- 
logiciil and paleontological characteristic of the deposits to which it is 
applied. At the same time it ought to be founded on the evidences not 
of a single section but over a more or less considerable space." MM. 
R^'nevier, Deperet, Mourlon, Grossouvre, and Tschernyschew debate the 
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propositi ) 1 wbijh is aJopttiJ with the aJilition of the words **in inter- 
nationiil iioiiienclaturi*'* after the word term in the first line. 

II. "Appellations applied to a terrane in a certain determined sensr 
cannot be employed in any other sense.'* Adopted without discussion. 

III. '*The date of the publication shall decide the priority of strati- 
graphic names given to the same series of beds.'' Discussed by Mayer- 
Eymar, Hertrand,and Dep<5retaud finally adopted. 

IV. ''For the small stratigraphic divisions sufficiently well character- 
ized paleontologically, in case of the creation of new names it is prefer- 
able to take for a basis their most important paleontological peculiari- 
ties." 

"Geographic or other names should not be employed except for sec- 
tions of a certain importance enclosing several paleontological horizons, 
or when the terrane cannot be characterized paleontologically." 

Discussed by Renevier, Freeh, Tietze, Mourlon, Mayer-Eymar, Pav- 
low. Diener, and Deperet and finally adopted. 

A proposition of M. Freeh which follows was referred to the commis- 
sion for further consideration. 

"It would be desirable for the divisions of the systems in which there 
are not familiar names such as "Dogger," "Lias/' etc., to intnxiuce the 
prefixes paleo, mezo, and neo." 

V. "So far as concerns the various stratigraphical terms which exist 
in the literature, it would be desirable that the terms designating sec- 
tions or series should \yc replaced by the words upper, middle, and 
lower." (This article was referred back to the committee.) 

VI. "When a term given to a whole series of beds should be restrict- 
ed to only a part of these beds, it should not be preserved except for the 
beds best characterized paleontologically." 

After (liscuBsiim by Tschernyschew, Mourlon, Renevier, and Pavlow. 
it was referred back to the committee for further consideration. 

Vil. "Names badly constructeci from an etymological point of view 
are to be corrected without excluding them on that account from the 
domain of the science. Adopted without disirussion. 

Mct'tinfj of Council^ Friday, Aug. Vl^ (^V/i^ .Vi. ls;n. 

The session is oi)ened at 9:15 a. m., M. Karpinsky in the chair. 

A letter from M. Gtlmbel of Mfinich read and the council decides to 
send telegrams of regret at their absence to MM. Gflinbel and SUess. The 
president presented to the council in the name of M. Richard two pam- 
phlets 1) On the mineral wealth of Roumania, "2) On petroleum. The 
nomination of an international committee for the unification of nomen- 
clature t)eing taken up after discussion by MM. RenevitT, Capellini, and 
others it is decided to name two classes of members on the committee, 
viz: thei'fTectiv«' and the consultative. 

The following membcTH were then agreed to: 

EjTci'tirv Mcmln'i's. Harrois, Capellini, Hughes. Rrnevier, Tietze, 
Tschernyschew, II. Williams, v. Zittel. 

(U)nsultatirr Monhcrs. Choffat, Clark, Cortazar, Davy, Daw8<m. 
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Dep^ret, Freeh, Griesback, Karpinsky, Kevfer. de Lapparrnt, Martin, 
Mayer-Eymar, Nathorst, Nikitin, Stefanescu. De-Stefani, Turamelli, 
Uhli^, Van der Broeck, Walcott, Hor. Wcxxlward. 

M. Mendes Guirrero proposed that Switzerland should be chosen as 
the central place of session of the commission. After discusssotiiln' v. 
Zittel and Capellini it was decided that the committee itself should fix 
the places of its meetings, having regard to the meetings of the different 
geological si>cieties. 

The president reads the following proposition presented by a prepara- 
tory meeting of 42 petrographers (i.e., Zirkel, Groth Cohen, Kalkoweky, 
BrOgger, IddingR, C Schmidt, Greikie, Riva, Sabattini, Mattiorolo, 
Hogbom, Pirsson, Bakom, Lagoriojnostranzeff, Osann, Doelter, Linck, 
Kroustschow, Moroz^vitch. Barrois, Duparc, BftckstrOm. Backing, 
Klockman, Linck (?), Milch, Scheibe, Roml)erg, Ussing, Lawson, v. 
Calker, Wichmann. Doys, Ramsay, Hobsan, Hobbst, Rinne, Loewin- 
son-Ijessing;: 

•'A group of members of the Congress to the number.of 42 met together 
to discuss the question of the systematic nomenclature of rocks, trans- 
mits the following to the Congress as the unanimous opinion of its 
members. 

**It is desirable to abandon the idea of establishing by a resolution of 
the Congress the principles specially applicable to the methodical clas- 
sification of the r<»cks, in view of the extraordinarily rapid development 
of petrography. 

-To reach the simplification of nomenclature demanded by geologists 
it is indispensable to define with more precision than has yet been done 
the general names of which the employment is necessary in the execu- 
tion of the maps.*' 

MM. Barrois, BrOgger, Bertrand, Karpinsky, and Rene vier discussed 
the statement and it was referred to the already existing committee. 

M. Gaudry presented the following resolution: 

**The International Geological Congress, assembled in St. Petersburg, 
expresses the desire that the governments of all countries establish in- 
struction in geology and paleontology in the upper classes of the higher 
schools, Mycees or gymnases.' The delegr4tes of each country are re- 
quested to inform their respective governments of this request." 

M. Capellini supports the resolution, which is unanimously adofited. 

M. Loewinson-Lessing recalls that a preliminary meeting of petrog- 
raphers, previously referred to, had, on the proposition of M. BrOgger, 
expressed the desire for the formation of an international publication of 
petrography, devoted principally to the resumes and reports of the pe- 
trographic works of all countries, and asks the Congress to name a 
commission for the preliminary study of this question. 

.After the discussion by v. Zittel, Kenevier and Brogger the council 
decides to lay the propf:)8ition before the general assembly. M. Kar- 
pinsky 's proposition to propose to the assembly as members of the com- 
iiiitte*' the following names is accepted: Barroin, Becke, BrOgger. 
Fouque. Geikie, Tddings, Khroustschow, I^oewinson Lessing, Michel- 
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L^vy, Pirrson, Rosenbusch, Teall, Tschermak, Ussing, Zirkel. 

After deUiils of the order of the meeting of the general assembly 
were adopted the council adjourned, M. Emmons being proposed to pro- 
side at the morning session and M. Hughes at that of the afternoon. 

General Session, Friday, Aug. 22 {Sept. 5), 1S97, 11 a. m. 

M. Emmons presiding. Papers presented: 

M. Freeh, Ueber Meerc und Continente der paloozoischer Aeren. 
M. Bashford Dean, On the relations of the paleozoic fish faunas of 
Russia and North America. 

Afternoon Session, 3:30 p. m. 

M. Hughes presiding. 

M. Makowsky presented a paper on the '*LOssfunde aus der Mam- 
muthzeit von Mfthren.'* 

M. Seeley made a communication **On fossil reptiles from the govern- 
ments of Perm and Wologda,'* and said: 

*'The Russian Permian reptiles have an international interest because 
they are neighbors of fossil forms found in Africa, the Indies, Scotland 
and in the United States. This interest is augmented by the discovery 
of M. !\mal:tzky in the government of Wologda where these terrestrial 
reptiles are associated with plants (Glossoptera) and shells. There were, 
therefore, very numerous Permian lakes on the land at this epoch. The 
reptilt^s are of the order of Anomodontia, but belong to different forms 
in different regions. Few of the genera are common to two regions. 
The same is true later of the Wealden reptiles. The Anomodontia are 
close neighbors of Labyrinthodontia and Monotremata. 

*'The Deuterosaurus, and Rhopalodon, have many traits in common 
with the Dicynodontaand although their dentition is Theri(Klontes they 
have been separate'd from the Theriodonta. 

"M. Amalitzky believed that the Pareiosaurus lived in the Permian of 
Russia since the discovery of the new species of Wologda. Perhaps 
deeper study will demonstrate that these fossils should be referred to 
new Russian genera. 

'•These Russian fossils show but few affinities with the Monotremata. 
They are nearer to the Labyrinthodontia. The Anomodontia, like the 
dinosaurians, contain distinct types. Thedeuterosauriansand the Dicyn- 
odontes form the passage to the cetiosaurians. It would be preferable 
to unite these types into a group rather than to place the completely 
monotrerne Theridonta in the same group with the deuterosaurians. 

'*The new pareiosaurians of Russia intermediate between two groups 
have great affinities with the Cetiosaurus." 

Satnrddfi, Any. 23 {Sept. 4), 18!f7. Conncil Meeting. 9:30 a.m. 

M. Karpinsky in the chair. 

R(»surnption of debate on limitation to the membership of the Con- 
gress. M. Schmidt proposes to treat the queHtions of the limitation to 
the members of the Congress, and the limitation of the participants 
separately. 
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M. Prater eubmitted the fnlJon-iiig rcsolulkm: 

(1| Those wLi) aDnounco thomatlvea to tbe spL-retiirj- within the period 
fixe<l nnd who piiy thuir feps thall bi^ admitted to the Congress as asio- 

(2) The mem(wTS of the CcmgreBs who aloiie shall have the rights of 
voting on i|uesti(ins proposed, iif taking part in the excuraious arranged 
tor the geologists by the committee of organization, and o[ serving us 
office re and members of eommittees of the Congress, shall be deteijnte.» 
from well known uni vers! lies or societies of natural history, or those 
who are personally known to the members of the eommittee c)f orgaoi- 
zntion by their works. 

After a disinisBion by Tietie, Stefaneseu, Capisllini, Bcrtrand. I'ellati, 
Renevierand v. Zittel the motion is put nn<1 lost. 

M. Sfhmidt offers the following: "The eiiuncil expresses the wish 
that, the number of members of the Otingresa remaining unlimited, the 
number of partieipantsin the excursions be limited in h manner not to 
hamper tbe task of the leaders, nor the seriouB study of the region trav- 
ersed." .-Vfter diecuaeicm by MM. Emmone. Heiin. Pellati. Bertrand, M. 
Schmidt's proposition was adopted after elimination of thij words "the 
number of niembersof the Congress remaining unlimited." 

M. Barniis reads a telegram from the Geologifal Society of France. 

M. Gaudry is selected to preside at tbe general assembly during thi- 
afternoon session. 

Siitiinlii!/, Alt!!. 2:1 [Sept. -1), J-iHi. (lenerul Axxeatlily. Min-iiiiig 

Seasifiii. ll:J'' ti. m. 
M. Zirkel presiding. 

The eh air reads the lint of effective members of the eomiuittee tii 
study the question of general nomenclature. They are MM. Barrois. 
Capcllini. Hughes. Renevier, Tcitze. Tsc hern ysc hew, H. Williams, v. 
Zittel. 

The chair read the resolution of the 42 petrographers. M. Loewln- 
BO'i-Lessing presented a resume of bis pamphlet "On the class itieat ion 
and nomenclature of the eruptive rocks.'' M. Ramon Adan de Y'arza, 
Lagorio, TBL-bernyschew, BrOggcr, Duparc, Iddinga, Zirkel, Renevier, 
and Frazer discussed the question. Tbe chair put tbe question of 
maintaining or not the eommitt«e named at ZQrich, After discussion 
by Renevier, Wichmann, Tschernyschew, Brfigger, Barrois, and Ber- 
traod, the general asaembly decided to retain the Zhrich committee by 
2!)a\r» tiiin n.ir... 

Tilt' f.-iiHiili-ndiiiii of tin- foundaliun lit (he international journal of 
IM-Irogrrtphj wiiH then taken \i\t and diHtussed by Karpiasky, BrOgger, 
and TKCheroyachew. Th^^ general Hn:ieiul>ly decided to apimint the 
CpmntittM BUgg^Htntl by tbe council ifU'i- anU:), with the addition of tbe 
JDUMf K. Schmidt and ThorDebom. M Karpinaky presented to the 
WUitlla nviueof M. Nitx<'. '(;<<ld ileposlts of North Carolina, 
mnitite dppowilsi'f Nurih ( 'anilina." 

D llie flour to M. Kra/er who presented tbe Hayden 
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mcuiorial medal fur the year 1897 to the president of the Congress, M. 

A. P. Karpinsky. 

Mr.'Prenident and Gentlemen, tfie members of the Geological Co ngrenn : 

I am charged with a mission which is outside of the duties of a mem- 
l)er of this Congress; but notwithstanding, it is. in some sort interna- 
tional and allied to the object which assembled us here. 

In honor of the memory of the late Dr. F. V. Haydeu, his widow 
founded the Hayden memorial medal of wFiich the object is each year 
to crown the works of him who has done the most for geology. The 
Academy of Natural Sciences, being the first born of similar institu- 
tions on the American continent, was naturally designated to choose 
the recipients. Ordinarily the choice is made in the fall, but in conse- 
quence of the session of the geological congress, it awarded the medal 
earlier. Since the foundation of this roll of honor in 1889 till the pres- 
ent time seven savants of almost as many nationalities have been chosen: 
of whom we have the pleasure to seer among us James Hall, dean of the 
American geologists, senator Capellini, and Prof, von Zittel (Prof. 
Stiess being unfortunately detained in Vienna): while all science mourns 
the loss of Huxley, of Daubree and of Cope. 

All these gentlemen, the dead as well as the living, have given to the 
decoration as much honor as they have received from it by adorning it 
with the lustre of their names. The Academy of Natural Sciences 
after the examination of all the candidacies by a special committee, 
adopted unanimously the name proposed and delegated me to offer the 
material emblem to its laureate. It is therefore as a delegate of the 
Academy of Natural Sciences which is, in its turn, the representative 
of the geologists of America, that 1 have the honor and pleasure of pre- 
senting the Hayden medal ft)r 1897 to M. Alexander Petrovitch Kar- 
pinsky in recognition of the great services whii.'h he has rendered to 
geology, as well by his special works as by his wise administration of 
the geological survey of the largest empire of the world, an administra- 
tion which cannot but greatly influence' the studies in all countries. 
<.\pplause.) 

The mission with which 1 am charged might properly confine itself to 
what I have just said, but it is impossible for me not lo allude to the 
splendid concepti<m and perfect execution of all that concerns the Vllth 
international geological congress, which eclipses not only all its prede- 
cessors, but all that has ever been attempted elsewhere for science. 

The unheard of liberality of the august sovereign of all the Russias tt) 
this Congress gave the measure of the confidence which his majesty ac- 
cords U) M. Karpinsky and to his colleagues: while the strong support 
that these latter gave to the director is proof of the cordial understand- 
ing among the Russian geologists. Without this confidence and with- 
out this support the result obtained would have been imiKWsible. 

In the name of the Academy of Sciences, of American geologists, and 
I dare say of all the members of this Congress, I wish M. Karpinsky a 
happy life and one sufiicientlN long to enjoy all the marks of esteem 
that he deserves and will deserve in the future. (Hearty and Umg con- 
tinued aj)plause.) 
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M. Karpinsky. receiving the medal from the last speaker, answered 
thus: 

M. Frazer, I am deeply touched by your words so eloquent and full of 
sympathy for me, my Russian colleagues, and our country. I am very 
much overcome by the great honor which the Academy of Natural Sci- 
ences has been willing to accord to me. 

I am actually confused at being placed in the same rank with the 
great savants who have received before myself this mark of distinction. 
I beg you, Sir and very much honored colleague, to transmit to the 
Academy of Natural Sciences my deep and warm thanks. (Applause.* 

The chair read a telegram of greeting from the Geological Society of 
France. Close of the morning session. 

Saturday y Aug. 23 {Sept. 4), 1897. Genentl Assembly. Afternoon 

Session. 3:80 p.m. 

M. Gaudry presiding. 

M. Freeh made a communication on Continents and Paleozoic seas. 
M. Stefanescu spoke of the Dinotherium gigantissimum (Stei).) found 
at Munzat^, Koumania. MM. Dep^ret and Gaudry discussed the pa- 
per. . M. Mayer-Eymar gave a succinct expose of the geological history 
of the Mediterranean basin. He gave a sketch of the upper Tertiary 
stages and substages from the creation of the Mediterranean basin to 
the end of the Dertonian or upper Miocene age. He demonstrated that 
to the invasion of the Mediterranean by the ocean and to the retreat of 
the soa are due the Dertonian, Messanian, Assian, Sicilian, and Sahari- 
an stages and their sub stages. M. v. Koennen spoke of some strati - 
graphical relations in Hannover. M. Martin presented the Congress with 
a fa8ci(!ulu8 of his work, *'The fossils of Java based on a collection of 
M. R. D. M. Verbeek." M. Blake read his memoir on **The distribu- 
tion of fossils not merely in zones, but also in provinces." Session 
closed. 

General Session, Sunday, Aug. 24 (Sept. r>), 1897. 

The last session on Sunday was what is called I believe in the B. A. 
A. S., *'butter day" the day on which all the highnesses, municipali- 
ties, corporations, and individuals receive profuse thanks. On thisday 
any doubtful question may be put through as the steering committee 
wishes in the general g(K>d humor and desire for harmony and for the ab • 
sence of every note of disaccord which prevail. At the single session 
presided over by M. Capellini all were profusely thanked. A resolution 
of M. Frazer expressing it as the desire of the Congress that the vol- 
ume of the proceedings of a given meeting should if possible be printed 
within two years of that meeting was unanimously adopted. 

The Congress agreed to accept the gift of 10,000 roubles from the fa- 
ther of young Stepniow, who died under such sad circumstances, the 
interest to lx> expended for prizes under the ausjjices of the Congress. 
This was in the judgment of the writer and of several other members of 
the Congress a very unwise proceeding although the circumstances of 
the gift made it very difficult to refuse it point blank, as the bereaved 
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father offered this to the Congress in the same spirit that he would have 
offered a candle to the Virgin. The difficulty of the situation lies in 
the fact that the Congress is not a corporate body and there is good rea- 
son why it should never become so. The moment it acquires property, 
agrees to fulfill periodical duties, etc., it loses its character of a convo- 
t*ation of the leaders of the science at a given epoch, and becomes a 
mere society. As a society its chances of being hunted, captured and 
chained by those interested in harnessing it to their schemes is many- 
fold greater than when it is only a name without a local habitation or 
material existence except in a council named from all countries. With 
such a precedent it will become very difficult to refuse the gifts by which 
superserviceable persons with more money than iuiportahce may desire 
to connect themselves with a large international idea. It is to be hoped 
that with that innate diplomacy which the Russian has as a birthright 
and which the Frenchman has exercised perhaps longer than any other 
race, means will be found to transfer this trust to the Russian Acade- 
my of Sciences or some other Russian institution and that the Congress 
inay be -freed from its dangerous bantling. If there were not reasons 
enough without it this one would seem sufficient to prevent the con- 
■summation of this ill-advised plan. The existence of the Congress is a 
matter of conjecture from one to another of its triennial sessions. If the 
Congress should cease to exist what would become of the bequest. Even 
if it be admitted that the Congress might advise with the trustee as to 
the use to be made of the interest on the gift, some actual institution 
should be the guardian of the latter, and not the incorpijreal essence of 
pure geological science which the Congress ought to be. 

One word more in regard to the sessions. When Siemens took the 
I)retty electrical toy of a moving little train of light tin cars as a model 
and made a real train which ran economically by electricity he accom- 
plished a great deal for humanity. But when Capellini takes the old 
trick of the Sunday school and campmeeting f)f clapping hands the mo- 
ment a projM.)sition is made which he wants adopted he uses a child's toy 
to stifle free sjieech and render mature deliberation imix^ssibie. This 
practice is growing so objectionable that if not checked, deliberation or 
fair discussion will become impossible, and the proceedings a farce. 

Persifor Frazer. 
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Du. S. \V. Hkyku, of the Iowa Agricultural College and the 
Iowa Geological Survey, after having attended the sessions of 
the International Congress of Geologists, is spending the win- 
ter in study at Munich. 

Dr. Rohert Bell, of the Canadian Geological Survey, who 
recently returned from an extensive exploration of the shores 
^d BafKiiland, reports a very successful trip [Ottawa Citizen^ 
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Oct. 27). The northern side of Hudson strait is the south 
side of Batfinland, which is the third island in size in the 
world, surpassed only by Australia and Greenland, being 1100 
miles in lengths The western portion of this island along the 
south coast is high and rocky, rising 1000 to 2000 feet above 
the sea, but the eastern half of the southern coast is not moun- 
tainous, but rather low. Dr. Bell was recently elected a fel- 
low of the Royal Society of London. 

Dr. Fridtjof Naxskn, lecturing in the United States, is over- 
whelmed with the cordiality of his welcome in the cities of 
the Northwest, and is obliged to decline most of the recep- 
tions and banquets which are tendered him. Recently at Min- 
neapolis he gave two lectures to large audiences, English and 
Norwegian, and was escorted to the hall by a Norwegian torch 
light procession, and after the English lecture he was given 
a select reception by the Minnesota Academy of Natural 
Sciences. 

Dr. E. W. Claypole, of Akron, 0.,is spending the winter in 
New Mexico. 

The Structure of the Urals. Dr. Persifor Frazer, in a 
report recently made to the Philadelphia Academy of Scien- 
ces of his late visit to St. Petersburg and excursion to the 
Urals, gave the following description : 

*'Another curious circumstance is that the Ural range is only half a 
range, since there is no mountainous part on the west side at all. The 
structure is like that in some of our mountain gorges when on climbing 
up from a stream level over the rough basset edges of a hill we find on 
arriving at the top a gently sloping arable plain, extending unbroken, 
as far as the eye can reach. 

**Thi8 is the case with this chain throughout its entire length. Erup- 
tive and massive, and metamorphic rocks, all ascribed by the Russian 
geologists to the lower Devonian or much later epochs, are found in in- 
explicable confusion, and the almost universal accompaniments to rock 
confusion, mineral veins of great intrinsic and scientific value. Here 
are found the Ilmen mountains, with their marvelous minerals, some of 
them unique. Here are the gold and platinum placers and the gangues 
with these metals in place, the latter being termed proudly by the Rus- 
sians an exclusively Ural element." 
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